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PREFACE 


Te NEED for a fairly comprehensive book on printing ink, 
from the standpoint of the student of printing, the experi- 
enced pressman, and the purchaser of inks, has been expressed 
frequently. Such a book is needed especially now that many 
colleges and universities are offering courses in printing tech- 
nology, and particularly because the important role played by 
ink in the graphic arts industries is being appreciated more 
fully. A number of useful booklets, pamphlets and “press-room 
manuals” on the purchasing, manipulation and application of 
inks are in existence, but their essentially inadequate treat- 
ment of the subject leaves much to be desired. 

The present volume is directed to the master pressman and 
the press-room superintendent, as well as to the student of 
printing and the purchaser of inks, to give them a more com- 
plete insight into the composition and application of the many 
kinds and varieties of printing and lithographic inks. It is be- 
lieved that a more complete knowledge of inks will enable the 
printer to turn out better work, save time and money, and will 
relieve him of many of the vexing problems in application that 
have troubled him in the past. 

In addition to consulting with many authorities, the author 
has drawn heavily upon his long experience in the manufac- 
ture and application of inks, for much of the material in the 
book. Acknowledgment is made of the many worthwhile sug- 
gestions gleaned from reading the various pamphlets pub- 
lished by the Lithographic Technical Foundation and the 
various printing and lithographic magazines. Sincere appre- 
ciation is expressed to our many friends in the industry who, 
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through their valuable cooperation, have made this undertak- 
ing possible. Theodore Makarius, who has long experience in 
the pressroom and in the sale and servicing of inks, particularly 
lithographic inks, has made very helpful contributions to sev- 
eral chapters, hence this special note of acknowledgment for 
his assistance. 

Hersert J. WOLFE 
Maspeth, L. I., New York 
September, 1952 
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Chapter 1 


PROPERTIES OF INKS 


r THE broadest sense, printing inks consist of dyes or pig- 
ments dispersed or dissolved in a fluid medium, or vehicle, 
and are designed for application to surfaces by mechanical 
means, other than by spraying. This definition serves to dis- 
tinguish printing inks from paints, which are designed for 
application by manual means, or by the spray gun. More spe- 
cifically, printing ink is an intimate mixture of pigments, dyes, 
driers, and, frequently, waxy or greasy compounds, dispersed 
in a more-or-less viscous vehicle. As with most general state- 
ments, this definition requires considerable amplification to be 
of practical value. Printing inks must possess suitable physical 
properties such as viscosity, length, flow and tack, or adhesive- 
ness, to adapt them for the particular type of printing press 
and stock on which they are to be applied. Each type of print- 
ing press and each kind or grade of stock requires an ink of 
different physical characteristics to insure that it will distrib- 
ute properly and transfer correctly from the plates to the pa- 
per. It must print sharply and cleanly, and yield legible prints 
of the desired color. The ink must dry sufficiently fast to en- 
able the printed sheets to be handled within a reasonable time 
without offsetting or smudging. Besides these general proper- 


Ink samples are withdrawn 
from production batches and 
tested for conformity to specifi- 
cations of color, viscosity, etc. 
Photo Interchemical Corp. 
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ties, it is frequently important that the ink be economical and 
print a sufficient number of impressions per pound. Many 
other special properties such as resistance to light, acids, alka- 
lies, melted paraffin, solvents, and so forth, may be required 
and are obtained through correct formulation and careful se- 
lection of the ingredients used in making the ink. 

Printing inks are divided into three main classes, typo- 
graphic, planographic and intaglio; corresponding to the three 
major divisions of printing. Silk-screen inks comprise a fourth, 
or special group. Each of these different classes of inks must 
be essentially different in character and properties from the 
others. Typographic inks are used to print from raised, or 
relief, surfaces such as ordinary type, line and halftone cuts. 
These inks consist of soft pigments ground in a vehicle com- 
posed essentially of heat-bodied linseed oil, or, more recently, 
of synthetic resins dispersed in drying oils, with or without 
the addition of mineral oils or organic solvents. Since the pa- 
per, or other surface on which they are printed is relatively 
non-absorbent, they must dry mainly by oxidation of the ve- 
hicle. Typographic inks are rather “long” in nature. That is to 
say, they may be drawn out into fairly long threads between 
the fingers before the threads break. They also possess a fair 
degree of “tack,” ie., adhesiveness or stickiness, imparted by 


the viscosity of the vehicle, so that they will distribute evenly 
on the press and transfer properly from the forms to the paper. / 


Planographic inks are used to print from “plane” surfaces, 
as in the lithographic and offset processes. These inks are 
generally somewhat heavier and “shorter” than typographic 
inks, that is, they possess considerable tack when pressed be- 
tween the fingers, but break with shorter threads when drawn 
out than do typographic inks. The pigments and vehicles used 
in these inks must not be affected by water, or weak acids, 
since this process depends upon the fact that grease (in this 
case the ink) and water are mutually repellent. In the old, 
basic lithographic process, a design was drawn with a greasy 
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crayon on a smooth limestone slab, and the whole surface of 
the slab was then impregnated with a solution of gum arabic 
in water. After subsequent drying of the gum solution, it was 
found that lithographic ink would adhere to the design, but 
not to the remainder of the slab, providing it was kept moist. 
In the modern versions of the lithographic process, grained 
thin metal plates take the place of the cumbersome limestone 
slabs, and the greasy images, or designs, are formed on the 
plates by photographic processes. 

Intaglio inks, originally called steel or copper plate inks, are 
used to print from engraved, or depressed, surfaces. The char- 
acter of the ink depends upon the nature of the plate, the kind 
of press being used and the speed of operation; thus, hand 
printing of fine engravings requires an ink which will dry by 
oxidation, and which possesses a heavy, short or buttery, con- 
sistency. At the same time, it must be quite greaseless so that 
the excess ink may be wiped off the face of the engraved plate 
without disturbing the ink in the lines, and so that the ink will 
lift readily from the lines of the engraving when the paper is 
firmly pressed against it. Since the paper used in this class of 
printing is usually dampened before use, the ink must not ex- 
hibit any tendency to bleed, or dissolve, in water. 

Another type of intaglio ink is that used in printing from 
engraved copper, or chrome-plated, rolls at high speed—the 
so-called “rotogravure” or, simply, “gravure” inks. These inks 
dry mainly by absorption into the paper stock and evaporation 
of the volatile solvents used in making the vehicle portion of 
the inks. Gravure inks are quite fluid in consistency and are 
composed of low-gravity pigments suspended and dispersed 
in a highly fluid, volatile vehicle which contains sufficient 
resinous or plastic binder to hold the pigment firmly to the 
paper, after the solvent has evaporated. 

Silk screen inks comprise a fourth, and quite specialized 
class of ink, designed to be applied by forcing them through 
the open meshes of a screen or fabric on which the design to 
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be reproduced has been blocked out by lacquer, or where the 
design is cut out of thin plastic film and cemented to the fabric 
screen. In the simplest application of the process, fine silk 
bolting cloth is stretched over a rectangular wooden frame, 
the cloth being securely fastened to it by wooden strips or 
wedges set in corresponding grooves in the bottom of the 
frame. The design to be printed is drawn or copied on the 
taut silk. All portions that are not to print are then carefully 
blocked out by hand by painting over them with a specially 
prepared lacquer. As mentioned above, the design may also be 
cut in celluloid, or other thin plastic material, which is then 
glued to the silk screen. Silk screen ink is then placed in the 
box formed by the frame and silk screen; the paper or object 
to be printed is placed under the screen and the impression 
is made by drawing a squeegee, i.e., a rectangular strip of rub- 
ber set in a wooden handle, over the screen. This action forces 
the ink through the open meshes of the screen and onto the 
surface being printed. 

The inks used for silk screen printing must be specially 
formulated and prepared carefully, if good results are to be 
obtained. In the early days of silk screen printing many op- 
erators used ordinary house paints, from which the excess oil 
had been poured, for this purpose; but it was soon found that 
these did not have the required body, fineness and other prop- 
erties required for best results. A good silk screen ink should 
have a fairly short, non-oily consistency. The shortness is es- 
sential to prevent drag on the squeegee and to insure sharp- 
ness of the print, while the non-oiliness is important to prevent 
the formation of oil-rings or “halos” around the finished work. 
The inks should break with a short thread when drawn out 
between the fingers, and should not be tacky or gummy. An 
ink having the desired characteristics will run over the screen 
easily and will not require excessive pressure on the squeegee. 
It will also permit the processed or printed matter to drop 
easily away from the screen without leaving “fuzzy” edges. 


Properties of Inks 17 


The manufacture of printing ink may be considered as com- 
prising the preparation of the various raw materials and the 
combining of these materials in the correct proportions to pro- 
duce the desired properties in the finished ink. The first step 
in the process is the preparation of the various pigments and 
dry colors used in the inks from their respective raw materials. 
Since the manufacture of dry colors is a highly specialized and 
technical operation, and requires the installation and main- 
tenance of elaborate and expensive equipment, it has become 
the general practice for the printing ink manufacturer to pur- 
chase his dry colors or pigments, rather than to attempt to 
make them himself. In the same way, most printers and lithog- 
raphers buy inks rather than attempt to make them them- 
selves, leaving the job to specialists who have all the necessary 
equipment and “know how.” Large manufacturers of printing 
inks may prepare special colors in their own plants, but this 
is the exception rather than the rule. 

The next step in the manufacture of ink is the preparation 
of the various lithographic and other oils and varnishes which 
form the ink vehicles. Many printing ink manufacturers pur- 
chase all their varnishes, while others prepare their own spe- 
cial varnishes, such as overprint varnishes, non-scratch var- 
nishes, alkali-resisting and gloss vehicles and the like. This 
latter practice stems from the desire to maintain absolute con- 
trol of the formulas. It is, however, questionable whether the 
ink maker who prepares small batches of these varnishes can 
possibly manufacture as cheaply, or even as well, as the com- 
pany that prepares large batches in specialized equipment. 

With all the dry colors, vehicles, driers, and so forth, at 
hand in the mixing room of the ink factory, the next important 
step is the preparation of the formula, or recipe, which sets 
forth the required ingredients, the respective amounts, and 
their order of addition to the batch. The derivation of a for- 
mula is a task that calls for considerable skill, experience and 
knowledge of raw materials, printing processes and the de- 








18 Pressmews Ink Handbook 


tailed requirements of the ink being formulated. Such factors 
as the color desired, the type of press on which the ink will be 
used, the kind of surface to be printed, whether or not the 
ink will be overprinted with other colors, the drying rate 
desired, the speed of printing and the nature of the form, must 
be considered when developing a formula. The problem then 
evolves into selecting the kinds and amounts of ingredients 
which will produce as nearly as possible the desired proper- 
ties. At times, it becomes necessary to compromise on some 
property in order to improve others; however, recent improve- 
ments in the number and properties of raw materials have 
made it possible for the ink maker to approach more closely 
the ideal ink for each purpose. 

The formula for the desired ink is sent to the mixing room 
where the various ingredients are weighed out in their correct 
order into either a change-can or dough-type mixer, in which 
they are thoroughly mixed and kneaded together. Thorough 
mixing and wetting out of the dry colors with the liquid 
vehicles is essential to save grinding time on the mill and to 
produce a perfectly homogeneous ink. 

The mixture is next delivered to the mill room where it re- 
ceives a thorough grinding on a chilled-iron roller mill. It is 
important that the ink be milled as soon as possible after it is 
mixed, since there are some pigments which undergo change 
of color or texture if they are allowed to stand in the mixed, 
but unground, condition for too long. This seems to be particu- 
larly true of inks formulated with the newer, hard-drying syn- 
thetic resin vehicles or with iron blue pigments. 

Most inks must be passed through the ink mill from three 
to five times, and some as many as seven times, before they 
are reduced to the required degree. of fineness. The exact 
amount of grinding any ink receives depends upon a number 
of factors, such as the relative softness, or texture, of the pig- 
ments, the ratio of pigment to vehicle, the viscosity of the 
vehicle, and the use to which the finished ink will be put. The 
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importance of thorough mixing and grinding cannot be over- 
emphasized. It is the true art of ink making and is fully as 
important as the selection of the proper ingredients. When it 
is considered that some halftone plates contain over forty 
thousand individual dots to every square inch of their surface, 
and that the success of the printing job depends upon each of 
these dots printing sharp and clear, it can be easily understood 
why grinding plays such an important role. 

When the ink has been ground sufficiently, it is usually 
returned to the mixing room and given a final mixing to in- 
sure its being perfectly homogeneous. This is unnecessary 
when grinding small batches, where the mill itself can be 
depended upon to mix the ink thoroughly. However, when 
grinding large batches, where the whole batch cannot be held 
between the back rollers of the mill, a final mix is very im- 
portant. After a thorough mixing, a sample of the ink is sent 
to the laboratory for inspection and test. Here it is cooled 
down to room temperature and compared with the standard 
or laboratory sample for fineness of grinding, color, strength 
of color, consistency, drying properties, and any other tests 
that the prospective use of the ink indicates is necessary. (The 
method of making these tests is considered in some detail in 
the chapter on ink testing.) When the ink maker, or chemist, 
has satisfied himself that the ink is up to standard and will 
meet the prescribed requirements in every respect, the batch 
is approved and the ink is filled into cans, pails or drums and 
either placed in stock or prepared for shipment. 

A clear understanding of the fundamental physical proper- 
ties of printing inks is important in order to know “why inks 
behave the way they do” on printing press distributing sys- 
tems, plates and stock. A brief description of the more impor- 
tant of these physical properties follows: 

The often-used term “body” or consistency, as applied to 
printing inks, implies a number of specific properties within 
itself, such as adhesion, cohesion, viscosity, yield value, thixot- 
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ropy and surface tension. As most inks contain oils and waxes, 
consistencies vary greatly with temperature, the degree of agi- 
tation, and not infrequently, with age. It is an everyday occur- 
rence to find that an ink which will work perfectly in a warm 
pressroom will be entirely too heavy if run in a cold press- 
room. This phenomenon is caused entirely by the viscosity- 
index of the oils and waxes comprising the vehicle. The oils 
become more viscous with reduced temperature, just as motor 
oil becomes heavier in body when the temperature drops. 
The softening effects of agitation are also familiar to anyone 
who has stirred up a heavy ink and noticed the manner in 
which it “breaks” down and flows. This condition is due prin- 
cipally to thixotropy, which is a reversible gel-structure set 
up by electrical forces between the pigment particles in the 
ink, much as tiny bar magnets would rearrange themselves if 
suspended in a non-conducting, fluid medium, which per- 
mitted them to orientate themselves with north and south 
poles adjacent. Bodying effects due to age are not so tangible 
and depend, in a large measure, on the individual character- 
istics of the various ingredients which go to make up the ink. 
In general, an ink will increase in consistency gradually for 
three or four days after it is made, and will then assume a 
constant consistency, or body, depending upon the tempera- 
ture of storage. If the ink continues to increase in consistency 
after this period, it indicates that a reaction is taking place 
among the ingredients, and the ink is said to “liver.” This is 
an irreversible, permanent bodying reaction, whereas, as be- 
fore stated, “thixotropy” is a temporary, reversible bodying 
action. 

The attraction between the surfaces of unlike substances is 
called adhesion. When a liquid wets a solid, the adhesion be- 
tween the liquid and solid is more powerful than the cohesion 
of the liquid, as is shown by the fact that part of the liquid 
will adhere to the solid when the two are separated. This is a 
very important principle in the application of printing inks 
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and is the reason why inks will distribute on the printing press 
and not simply roll up into balls; it explains also why inks 
will transfer from plates to paper when the two surfaces are 
pressed together. Adhesion is sometimes erroneously referred 
to as “tack.” 

The “tack” of a printing ink may be defined objectively as 
its relative “pull” or stickiness. Tack is governed not only by 
the adhesion of the ink, but also by its viscosity and yield 
value (see definitions in later paragraphs). A little thought 
will show why this is so. In the usual method of determining 
tack by tapping out the ink onto a piece of paper, sufficient 
adhesive force must be present to cause the ink to wet both 
the finger and the paper, since if no adhesion were present the 
sensations of pull and stickiness would be absent. The futility 
of attempting to tap out an ink on a globule of mercury, or on 
a heavily amalgamated metal surface, will illustrate this point. 
Adhesion, therefore, is necessary, but only to the extent of 
causing the ink to wet both the finger and the paper; any 
increase in adhesion beyond this point can have no effect on 
the tack measurement by the very definition of adhesion, i.e., 
the force which causes unlike bodies to cling together. The 
resistance of the ink to deformation and flow, that is its yield 
value and viscosity, are then the principal determinants of 
tack. 

Cohesion is defined as the attraction between particles of 
the same substance. It is the force required to rupture a unit 
cross-section of the substance. If an ink film could be split 
abruptly without “necking down,” ice., without the stringing- 
out effect noticed when pressing a small amount of ink be- 
tween the fingers and then drawing them apart, the molecules 
of the vehicle would have to be separated from each other. 
This would be doing work against the force of cohesion. Gen- 
erally, an ink with low cohesion is a “short” ink, that is it 
breaks off rather short when an attempt is made to draw it 
out to a string. An ink with a higher cohesion is a “long” ink, 
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that is, one that may be drawn out into long strings before it 
breaks. While the length of an ink is determined largely by 
the cohesive forces in the vehicle, the percentage of pigment, 
the specific particle size and specific gravity of the pigment 
and the completeness of its dispersion in the vehicle influence 
this property. Because of the “necking down” effect mentioned 
above, it is impossible to measure cohesion accurately by the 
usual method of determining the force necessary to draw a 
flat circular ring, or plate, of known diameter, away from the 
surface upon which it is resting. The speed with which the 
ring or plate is withdrawn governs the degree of “necking 
down” and, hence, the cross-section of the ink that is actually 
ruptured, and which, in turn, is a measure of the force re- 
quired to effect the rupture. About all this test does show is 
that the force of adhesion is greater than the force of cohesion. 

Viscosity, a term frequently used in connection with print- 
ing inks, is a measure of the internal friction of an ink caused 
by the rubbing of one particle of ink over another. It is meas- 
ured, scientifically, by calculating the resistance offered by the 
ink to the passage of a thin metal plate through the ink, or, 
more commonly, by the resistance offered to the rotation of a 
metal cylinder immersed in the ink (as in the Stormer and 
MacMichael viscometers). Viscosity probably determines the 
working properties of an ink to a greater degree than any 
other physical property. Since ink contains suspended pigment 
particles and is, therefore, in a measure, a plastic material as 
well as a viscous fluid, the viscosity measurement is influenced 
strongly by the relative rigidity of the ink. This means that a 
certain definite force must be applied to the metal cylinder 
of the viscometers to overcome the rigidity of the ink, before 
the cylinder will move at all. The force required to overcome 
the rigidity of the ink is termed the “yield value” and varies 
with the formulation of the ink. It is obvious, therefore, that 
a simple viscosity measurement of an ink does not give the 
true measure of its body or consistency. Only when a series of 
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viscosity readings of the same ink are taken at different in- 
strument speeds, and a force-flow curve is constructed, can 
the true viscosity be measured by the slope of the straight-line 
portion of the force-flow curve. 

The yield value of an ink is sometimes confused with thixot- 
ropy. Yield value is a permanent property of an ink and is 
a measure of its inherent rigidity. It is a function of the amount 
of pigment in an ink, the particle size and shape of the pig- 
ment, and its degree of dispersion or flocculation in the ve- 
hicle. Thixotropy, on the other hand, is a pseudo-gel structure 
commonly believed to be caused by the pigment particles 
orienting or arranging themselves into a definite pattern, due 
to their electric charges. Upon agitation of the ink, this tem- 
porary structure is destroyed and the ink becomes more fluid. 
Upon standing, the pigment particles again orient themselves 
slowly and the thixotropic structure is reformed. Time is 
essential, since the particles cannot move rapidly in the vis- 
cous vehicles ordinarily employed in printing inks. The size 
of the container in which the ink is stored also appears to in- 
fluence the speed of gelation, apparently because all thixo- 
tropic materials gel more quickly and more readily in small 
spaces than in larger ones. The only possible explanation is 
that the gel structure commences at the walls of the container 
and works inward. The presence of large pigment particles 
also accelerates the formation of the gel structure, probably 
for the same reason, i.e., the particles act as nuclei around 
which the gel can form. The reversible gel structure of thixot- 
ropy must not be confused with the livering, which is a perma- 
nent gel structure set up by reactions between the vehicle and 
pigment. 

The physical characteristics of an ink are also influenced 
largely by the relative particle size and degree of dispersion 
of the pigments in the vehicle. Apparently a pigment that 
yields a long ink, with a certain vehicle, is one that affects the 
original flow properties of the vehicle to a lesser extent than 
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does an equal weight of a pigment that produces a short ink. 
In a large measure, this difference is probably due to a dif- 
ference in either the particle size, shape, or specific surface 
(the total surface area of a given weight of pigment), al- 
though the tendency for the pigments to clump together or 
flocculate must also be considered. 

Pigments of large particle size, and consequent low specific 
surface, tend to produce long inks; whereas pigments of small 
particle size, and consequent large specific surface, tend to 
produce short inks; if flocculation is absent in both instances. 
In a similar manner, pigments which are well dispersed in the 
ink vehicle, and which do not exhibit flocculation, tend to pro- 
duce longer inks than pigments which have not been so well 
dispersed or which exhibit flocculation. This is due, undoubt- 
edly, to the fact that the large, loose pigment flocs retard 
motion in the ink and increase its yield value, or rigidity. 
Flocculation is caused by the vehicle not wetting the pigment 
particles completely, thereby allowing them to reassert their 
natural tendency to clump together loosely in the vehicle. 
Flocculation is not influenced greatly by how thoroughly an 
ink is ground; a well-ground ink may exhibit as much floccu- 
lation as a poorly-ground ink. Grinding does play an impor- 
tant part, however, in reducing the number of coarse aggre- 
gates, or agglomerates of pigment present in the ink. These 
are pigment particles which have become firmly cemented to- 
gether during the manufacture of the pigment and which must 
be broken apart and wetted by vehicle on the ink mill in order 
to produce a smooth-bodied ink of good texture. The opera- 
tion of grinding an ink on the ink mill is mainly one of sepa- 
rating the pigment particles and coating each particle with 
vehicle; rather than that of actually reducing the size of the 
pigment particles. In fact, actual breaking apart, or reducing 
the size of the ultimate pigment particles, might be highly 
undesirable, since it might alter the shade and strength of the 
pigment and might even impair the texture of the ink, since 
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the fractured crystals would be highly abrasive and could 
cause rapid wearing of the printing plates. Therefore, best 
grinding practice aims at separating pigment aggregates and 
coating each pigment particle uniformly and completely with 
vehicle. 

In many respects, printing ink behaves like a colloid. Col- 
loidal sols consist of a fluid, such as water or oil, and sus- 
pended particles; just as most inks consist of a suspension or 
dispersion of pigment particles in a fluid. Such sols are called 
“dispersed systems”; the substance which wets the particles 
being the dispersing medium, while the particles are termed 
the dispersed phase. If the dispersing medium is an oil, and 
the dispersed phase is a solid, as in printing ink, the resulting 
system is called an “oil dag.” There are three groups of such 
“oil dag” systems: mechanical suspensions; colloidal sols; and 
molecular, or true, solutions. The difference lies in the degree 
of dispersion; in other words, the degree of subdivision or 
particle size of the dispersed phase. 

A colloidal state results from the size of the dispersed parti- 
cles. If they are of molecular dimensions a true solution re- 
sults; if larger, a colloidal sol is obtained; and, if still larger 
or coarser, a mechanical suspension is obtained. Depending 
upon the nature of the pigment, and the efficiency of the 
grinding operation, printing inks range between coarse col- 
loids and mere mechanical suspensions. It may be readily ap- 
preciated from the discussion of flocculation and aggregation, 
that the closer an ink approaches a true colloidal sol the better 
will be its general working properties. This fact is borne out 
by the excellent printing behavior generally exhibited by inks 
ground from pulp colors, in which the particles are well dis- 
persed and of almost colloidal dimensions. 

Considering the chemical complexity and the combination 
of physical properties involved in the making of a good print- 
ing ink, it is remarkable that so little difficulty is encountered 
in the day-to-day use of ink under all sorts of varying condi- 
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tions. The production of a good piece of printing represents 
the combined efforts, knowledge and enthusiasm of the ink 
maker, the paper maker and the printer, not to forget the 
valuable contributions of the plate maker, press maker and 
equipment supplier. 





Chapter 2 


PURCHASING PRINTING INKS 


ic National Association of Printing Ink Makers, many 
- years ago, coined a very apt slogan, “Printing Ink the Life 
of Printing.” To anyone familiar with the graphic arts, or to 
any person who is even slightly observant, the important truth 
expressed in this slogan is apparent, since the object of any 
printing job is to create attention and it is the ink that forms 
the visible images on paper and catches the eye. All the expen- 
sive art work, plate-making, layout and press work expended 
on a piece of printing are aimed at applying ink in the right 
places, in the correct colors, and in the proper amounts on the 
surface to be printed, and the success or failure of the entire 
undertaking depends on how well this is accomplished. 

Since the ink used on a job represents at most only two or 
three per cent of the total cost of production, and since it 
plays such an all-important role, it is obviously poor policy 
and reasoning to gamble with the success of the job by at- 
tempting any questionable economies in selection of inks. The 
difference in cost between poor or mediocre inks and fine inks 
is so small, generally, as to make very little difference in the 
final cost of the job, and the time and trouble saved when 
running fine inks frequently reflects in a substantial saving. 
The value of press time has risen so sharply, and to such high 
levels, lately, that the only way a printing establishment can 
make any profit at all is to “keep the presses rolling” and pro- 
duction at a high level. “Press-down-time,” for any reason 
whatsoever is costly. 
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A pressman friend cited a good example recently of the 
fallacy of trying to save money on ink. He had been using a 
standard, high-grade halftone black, manufactured by a well- 
known ink firm, with considerable success. A salesman repre- 
senting a competitive ink concern offered him a black that he 
claimed was “Just as good, or better,” for about ten cents a 
pound less. The pressman, believing that he might save five 
dollars, or so, a day on his ink costs, ordered a quantity of the 
competitive black. Short runs indicated that the ink might be 
satisfactory, but when he started to use it on his long produc- 
tion runs, he found that the ink dried on the ends of the rollers 
and commenced to fill in the highlights of engravings, neces- 
sitating frequent stopping of the press for wash-ups. The time 
lost was worth many times the small saving in ink cost. He 
replaced the ink with his old standard, and production again 
rose to normal. 

Experiences such as this can be cited by nearly every press- 
man, but almost as often it may be found that the new ink 
actually does represent a saving and runs as well or even bet- 
ter than the old ink. The point that this brings up is that while 
it is poor economy to change inks on a basis of cost alone, it 
is necessary always to maintain an open mind regarding new 
and improved inks. The safest procedure is to test new inks 
thoroughly on a small scale, and then to go ahead slowly, 
gradually increasing their use, until you are sure that their 
performance is entirely satisfactory, before adopting them for 
long runs. 

The ideal arrangement, and the one adopted frequently by 
most progressive printing establishments, is to maintain a sep- 
arate testing department, or laboratory, for testing and eval- 
uating inks, printing papers, blankets and other printing sup- 
plies. In a small printing plant this may be the responsibility 
of one individual, while in large plants these duties may be 
assigned to a group supervised by a chemist experienced in 
printing materials and techniques and equipped with ade- 
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quate testing devices. The testing department acts as liaison 
between the pressroom foreman and the purchasing depart- 
ment; advising both as to the most suitable materials to pur- 
chase and use. In this way, inks may be evaluated and com- 
pared for strength, drying properties, grinding or dispersion, 
consistency, permanence and other properties. Inks that ex- 
hibit real merit in the laboratory may then be given actual 
press trials with reasonable assurance that they will perform 
satisfactorily. 

The old adage that “A little knowledge is dangerous” most 
certainly applies to the selection of the best ink for a specific 
purpose. An ink that gives satisfactory results on super-calen- 
dered stock, for example, may not work well at all on coated 
paper, or vice versa. Again, inks for ordinary coated paper are 
usually not suitable for application to cast-coated stock. The 
ink maker maintains elaborate laboratories for testing and 
developing inks, and it is advisable to consult him before 
attempting to run an ink on any stock other than the one for 
which it was designed, unless past experience has proved the 
ink to be satisfactory on the particular stock to be used. 

We may as well take this opportunity early in our discussion 
to remind that the pressman who is constantly “doctoring” his 
inks to “improve” them is forever in trouble. One must be 
familiar with the formulation and basic chemistry of each ink 
before he can intelligently make adjustments in the formula. 
And who is better qualified to do this than the ink maker who 
formulated the ink in the first place? Of course the importance 
of being able to make intelligent corrections in inks in an 
emergency is another matter entirely, and is dealt with at con- 
siderable length in a latter section of this book. Only after a 
working knowledge of ink making raw materials and compo- 
sition has been obtained, however, should a pressman even 
think of hazarding adjustments on his own. 

In general, the less that is done to an ink, or the less that is 
added to an ink, after it has been correctly formulated by the 
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ink maker, the better it will run. More inks, and printing jobs, 
have been ruined by over-correcting, or over-doping, inks, 
than have been improved by such means. It is well to remem- 
ber that the addition of anything to ink tends to reduce its 
color strength and break up the body of the ink, making it 
necessary to carry a larger volume of ink to achieve the same 
color value and introducing the possibility of mottle, offset or 
poor drying. 

The question arises occasionally as to the best number of 
ink suppliers from whom to buy. Before any decision can be 
reached in this matter, several points must be considered. If 
the total purchases for the year are small, in the range of sev- 
eral thousand dollars, it is to the buyer's advantage to have a 
single supplier. The volume is not great enough to divide 
among several ink makers and warrant any real attention or 
service from any of the suppliers. If the total purchases of inks 
are substantial, however, there are certain advantages in di- 
versifying somewhat, and having several alternate sources of 
supply. In the first place, each manufacturer has certain spe- 
cialties, and when a printer has several sources of supply, he 
may select the inks best suited for each particular job. This 
privilege is denied the printer who depends upon only one 
ink supplier. Purchasing from only one source may also stifle 
competition and possibly result in having your account taken 
for granted. On the other hand, buying from too many firms 
may spread the business so thin that there is no incentive for 
any supplier to give his best service and technical assistance. 

Printing ink is one commodity that should be purchased by 
individuals who have some knowledge of the product and a 
good understanding of its use. High priced inks are not re- 
quired for every job, but cheap inks can be expensive in the 
long run, as was pointed out earlier. Buying without consid- 
eration for the job to be run invites trouble and can lead to 
the accumulation of useless odds and ends of ink. When pur- 
chasing inks it is imperative that the ink maker be supplied 
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with all the information concerning the job. This includes fur- 
nishing him with sufficient stock on which to pull ample 
proofs; exact shade of color desired; type and size of press to 
be used; nature of the form to be run (solids, halftones, type, 
line cuts, ete.); whether the ink is to overprint, or be over- 
printed by, another color, or colors; drying time between suc- 
cessive prints; whether the ink must resist bleed in spirit label 
varnish or lacquer; light permanence requirements; and any 
special properties desired, such as resistance to acids, alkalies, 
soap, abrasion, etc. Only when armed with this information 
can the ink maker formulate intelligently the best ink for the 
purpose. 

Another point that must be borne in mind constantly is that 
it is sometimes impractical, or even impossible, to formulate 
an ink that will exhibit outstanding resistance to all destruc- 
tive influences, and it is frequently necessary to compromise 
on some properties in order to achieve the maximum in others. 
For example, when ordering non-toxic inks that must be 
resistant to bleed in butter, lard or cheese, it is frequently 
impossible to match every shade, since only a few of the pig- 
ments used by the ink maker combine the properties of non- 
toxicity and resistance to bleed in the products mentioned. 
Again, it is sometimes necessary to sacrifice somewhat on the 
cleanliness and brilliance of an ink if extreme resistance to 
sunlight is required. Consultation with your ink maker about 
these problems before making promises to your customer will 
frequently avoid later embarrassment and misunderstandings. 

When the mixing or blending of colors is not practiced in 
the shop, and a special match is ordered each time a job calls 
for anything but a standard color, ink purchases may be quite 
costly. This is true because it is not always possible to specify 
the exact amount required, and if too much is ordered the 
overage cannot be used except for a re-run. On the other hand, 
if too little is purchased, the time lost while waiting for addi- 
tional supplies runs up production costs considerably. Obvi- 
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ously, also, ink ordered in small quantities has to cost more 
proportionately than the same ink ordered in larger quantities. 
If the runs are large enough, it is possible to order a partial 
quantity, or about one-third of the estimated amount, which 
should suffice to obtain an accurate estimate of the amount 
required for the first thousand sheets. Then, almost the exact 
amount may be ordered and delivered in time to complete 
the run. 

Maintaining a supply of standards which can be blended 
into commonly used shades will prove to be an economical 
method. Of course, if you have frequent runs of the same job, 
requiring the same inks, ample stocks of special shades may 
be carried without danger of accumulating odds and ends. Al- 
most any shade may be matched from about sixteen or twenty 
carefully selected different inks, depending upon the variety 
of work done in the plant. The inventory of each need be only 
relatively small, and since each is a standard, delivery and 
price present no problems. Inks that move faster may be or- 
dered in larger amounts, resulting in further savings. 

This so-called standard color system is based on maintain- 
ing an inventory of basic, compatible colors. In the yellows 
for example,—a primrose yellow, a canary yellow and a me- 
dium yellow—might be kept, all of which may be blended to 
achieve any intermediate shades. Following through the color 
scale, a light red, a medium red and a clean, bluish red should 
be stocked; as well as three shades of blue. Usually a reddish 
shade of reflex blue, a medium-shade of bronze blue and a 
greenish monastral or peacock blue will be ample unless much 
three or four-color process work is done, in which case green- 
ish and reddish shades of process blues should also be stocked. 
Several shades of green and brown, a purple and several 
grades of black should be stocked, as well as an opaque mix- 
ing white and a transparent reducing lake, such as alumina 
hydrate or laketine, to complete the list. This range of color 
will not suffice for every job, but it should take care of the 
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great majority and leave no dead items on the shelf. In addi- 
tion, these will all be standard inks and their working proper- 
ties as well as stability will be proved, resulting in a minimum 
of lost time on the presses due to poor ink performance. 

It is essential that the colors be clean and bright, so that 
when mixed, they produce true shades. If the colors are not 
clean, they will produce muddy, lifeless colors when mixed. 
lor example, if a warm, bright red is mixed with a cold, blu- 
ish red, the result will be a brownish hue instead of a clear 
red, if either of the inks exhibits a bronzy or dirty shade. A 
running inventory of these inks should be maintained and a 
record of proportions and consumption kept in connection 
tia it to serve for duplicating shades and estimating future 
jobs. 

Estimation of the quantity of ink required to print a speci- 
fied number of sheets is a task that requires a considerable 
amount of experience, and which no amount of calculation 
can assure as being accurate. The number of variables encoun- 
tered in running a job can affect any estimate, no matter how 
carefully it is prepared. However, there is a set rule which, if 
applied and recorded for every job, will enable one to become 
fairly proficient in estimating ink consumption. Before com- 
mencing any estimate of ink consumption, it is wise to list all 
possible variables and to consider them in the light of past 
experience before arriving at any definite figure. 

The ink coverage table given on page 34 will be found use- 
ful in estimating the amount of ink required for various letter- 
press jobs. This table may be used for estimating offset jobs 
as well, if certain factors, to be considered later, are taken 
into account. This table lists the number of thousand square 
inches of actual printing surface which a pound of ink will 
cover. To determine this surface, first measure the area of the 
form or page, and then classify the elements within that area 
as to the amount of ink each will use. Light type faces, such as 
Caslon ‘337, may be estimated at six percent of their area as 
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being solid printing surfaces. Heavier faces, such as Caslon 
Bold, may run as high as fifteen percent. Average halftones 
run about sixty percent printing surface. However, allowances 
lor light or heavy type faces and halftones can be made accu- 
rately only after some experience has been gained. Solids, of 


course, are considered as one hundred percent printing sur- 
lace. 
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absolutely necessary since no two pressrooms apply ink in 
exactly the same manner or amount. Such factors as care used 
in removing all ink from the cans, returning unused ink to the 
stockroom, amount of reducing varnish added to the inks, etc., 
must all be considered before really accurate estimates can 
be made. 

Generally speaking, the most economical method of pur- 
chasing inks is in the largest practical containers, since a fair 
portion of the ink maker's cost lies in the packaging. An ink 
mill operator can fill a ten pound can almost as rapidly as he 
can fill a five pound can, and these savings should be passed 
on to the consumer. Frequently, as much as twenty-five cents 
a pound may be saved by specifying larger containers. As an 
additional economy measure, an inventory should be main- 
tained of the most used inks, to prevent either overstocking 
or running out. Purchasing may then become semi-automatic 
for either the pressroom foreman or the central purchasing 
office by utilizing both accurate estimates and quantities on 
hand as shown by the inventory. Ink manufacturers date their 
containers when filling, and it is considered good practice for 
the pressman to use the inks in the order in which they were 
bought to minimize losses from over-aging of inks. 

The ink coverage chart on page 34 may also be used in 
figuring ink coverage for offset work if certain differences in- 
herent in the two printing processes are considered. For exam- 
ple, offset paper will require twice the amount of ink per thou- 
sand sheets as will coated stock. Other factors influencing the 
amount of ink required for offset work are the fineness of grain 
used on the plates, the amount of dampening water required 
to keep the work clean and open (more water requires more 
ink to obtain comparable color strength), and the specific 
gravity or bulkiness of the ink. The difference in specific grav- 
ity of the various colors may be determined by observing their 


packaged bulk. 
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Using black as a basis, it is a fairly simple matter to note 
the number of pounds, more or less, for each color packed in 
the same size container. For example, if container “A” holds 
five pounds of black or eight pounds of yellow when filled, you 
should allow for the same increase in consumption when run- 
ning these colors. In other words, while it might require five 
pounds of the black to run a certain job, it should require 
about eight pounds of the yellow to cover the same number 
of square inches of printing area, other conditions being equal. 
‘The same reasoning may be used for all other colors. 

Another factor that influences offset ink consumption is the 
coarseness or fineness of the grain on the plates. The coarser 
the grain, the more water, and ink, may be run without plug- 
ging, although the fineness of the printing will be reduced 
proportionately. 





































Chapter 3 


THE PRIVATE INK PLANT 


( Moe oF THE most highly controversial subjects encountered 

in the entire printing and publishing industry revolves 
around the advantages, or disadvantages, of establishing a 
private ink plant for manufacturing your own ink require- 
ments. The subject has a great many aspects and the question 
whether it will pay to make your own inks cannot be dismissed 
with a quick, or lightly considered, answer. There are good, 
sound arguments in support of both sides of the question, and 
a careful, objective analysis of the whole subject in relation to 
each plant must be made before any decision can be reached. 

It is generally agreed among printing establishments that 
have investigated this subject fully that it is highly uneco- 
nomical for a small, or even medium-size printing plant to 
manufacture its own inks. The cost of mechanical equipment 
necessary to make ink is high, on the order of five thousand 
dollars for each three-roller mill, and several thousand dollars 
for each pony, or change-can mixer, not to overlook the cost 
of materials-handling equipment, power installations and re- 
quirements, and the tieing up of considerable space for man- 
ufacturing and storage. Of course, used or reconditioned 
equipment can be purchased, but this is a poor start and rep- 


A recent variation of the change 
can mixer is the planetary mixer 
which turns the material over and 
over instead of simply stirring. 
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resents questionable economy, and a definite loss in the qual- 
ity and output of the product. In addition to the initial outlay 
for equipment, a considerable sum for maintaining inven- 
tories of expensive dry colors, varnishes, and other raw mate- 
rials is required, plus the additional cost of employing an ex- 
perienced ink maker and several mill hands and mixers. Once 
the initial outlay has been made, it costs in the neighborhood 
of twenty-five to thirty-five thousand dollars a year to operate 
even a modest ink plant, with no provision made in this esti- 
mate for the cost of raw materials. 

If we assume that an average of fifteen cents per pound 
might be saved, if the inks are manufactured in a private plant 
instead of being purchased on the open market, the overall 
picture shows that more than 160,000 pounds of ink per year 
must be manufactured to break even. Except in the most un- 
usual circumstances, if the ink requirements do not exceed this 
amount, it is not economically sound to consider further the 
establishment of a private ink plant. Conversely, if your re- 
quirements exceed this amount substantially, it may pay you 
to investigate the subject further, since the greater your con- 
sumption of ink beyond the break-even point, the larger be- 
come the possible savings. Assuming that requirements are 
above this point, it will be interesting to proceed to a careful 
analysis of the advantages and disadvantages, other than mon- 
etary, of manufacturing your own inks. 

Foremost, and perhaps the principal advantage, offered by 
the private ink plant, is closer control of the formulation and 
properties of the product. If the printer has developed some 
unique printing process that requires a highly specialized ink, 
the formulation of which he wishes to protect and guarantee 
as to uniformity, he may believe it to be advantageous to man- 
ufacture the ink himself under his own close supervision. This 
advantage is more theoretical than practical, however, since 
there are many reputable printing ink manufacturers who are 
willing to enter into an agreement with the printer to manu- 
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facture to his own formulas or specifications and to hold such 
formulations in strict confidence and for the sole use of the 
purchaser. In these cases, the professional ink maker, with his 
wide background of experience, frequently can offer sugges- 
tions for improving the quality or performance of the special 
inks that might escape the printer or his chemists. In like man- 
ner, if trouble is encountered, the assistance of an experienced 
ink maker is available to set things right. 

Other possible advantages and reasons for manufacturing 
your own inks are; 1. Assurance of a continuous supply of inks, 
if you are located at a considerable distance from normal 
sources of supply; although this is offset by the need for then 
carrying large supplies of ink making raw materials instead of 
finished inks. This is merely shifting the load from one side 
of the ship to the other. 2. If you use large amounts of a few 
standard items, year-in and year-out, so that the services of a 
skilled ink maker are not required constantly, it is frequently 
possible to effect a saving on ink costs, although one must not 
overlook the overhead required to maintain and heat the space 
occupied by the ink department, as well as power, light and 
taxes. 3. By operating your own ink plant you can manufac- 
ture just enough ink for each run and can make rapid adjust- 
ments in consistency and drying properties of the inks to suit 
the particular paper stock being run, or to compensate for 
climatic changes, if necessary. Changes in color, working prop- 
erties, transparency, etc., may be effected by merely sending 
the ink back to your ink department, instead of sending it 
back to an outside manufacturer, with the possibility of delay 
and idle presses. 

The disadvantages of manufacturing your own inks are 
many, as is shown by the number of printers who at one time 
or other established private plants in a rosy glow of anticipa- 
tion, and who later gave them up in disgust, or sold them to 
outside printing ink concerns for a fraction of their cost. The 
most serious disadvantage of operating a private ink plant lies 
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in the one word, “inflexibility.” Except under unusual circum- 
stances, the private ink plant is handicapped by a lack of 
research and first-hand information regarding new types of 
formulations and developments. The keen competition and 
rivalry in the printing ink industry is a blessing in disguise, 
since it compels each ink company to be progressive and ever 
on the lookout for improved raw materials and products. 
Moreover, the wide distribution of the outside ink company 
provides an extensive “proving ground” for checking the 
soundness of new ideas. Generally, these developments reach 
the private ink plant “second hand.” 

Another rather serious disadvantage in operating a private 
ink plant is that you are practically forced to consume its out- 
put—be it good or bad. Offshade, or spoiled batches must be 
utilized somehow, and these are generally blended with sat- 
isfactory batches to work them off—resulting in a lowering of 
the quality of all the inks. Viewing the situation from another 
angle, there is no opportunity to select and use the best inks 
available on the open market, or to stimulate rivalry among 
ink makers to produce something exceptional. To borrow a 
phrase from the automotive industry, “your design is frozen.” 
Nothing takes the place of competition to stimulate improve- 
ment. 

A satisfactory compromise between operating your own 
private ink plant and purchasing on the open market, has been 
worked out between a number of large printing establish- 
ments and ink manufacturers, by instituting what is known 
as the “base ink system.” In this system, base inks, of various 
hues, minus drier, compound and reducing varnish, are fur- 
nished to the printer in bulk form. His ink department then 
blends these base inks to match any desired shade and adds 
the proper amount of drier, reducing varnish, compound, etc., 
to produce finished inks ready for the presses. The advantage 
of this system over the out-and out private plant is that it is 


The Private Ink Plant 43 


not necessary for the printer to maintain milling equipment or 
supplies of ink making raw materials. The ink maker can turn 
out the base inks in large batches, thereby cutting his costs 
substantially, which savings are reflected in the prices of the 
hase inks to the printer. Bulk packaging also cuts costs con- 
siderably. 

Other advantages of this system are: 1. The ink maker fur- 
nishes technical service and advice to assist the printer's ink 
department in matching, formulating and manipulating the 
base inks to obtain satisfactory results, thereby eliminating the 
need for employing a highly skilled, high-priced ink chemist; 
2. The ink manufacturer is also available to produce any spe- 
cial inks that may be required from time to time, and which 
may not be possible to produce by blending the usual bases; 
3. Sufficient ink may be mixed for each press run, eliminating 
the need for canning the ink, and eliminating the accumula- 
tion of overages. Should a small amount of ink be required to 
complete a run, this may be mixed rapidly without having 
to shut down the press while waiting for additional supplies 
to arrive from an outside ink maker. 

For its successful operation, the base ink system requires 
the services of a competent color matcher (not necessarily an 
ink formulator or chemist), and sufficient help to weigh care- 
fully the various amounts of base inks required for each mix- 
ture. Suitable space must be assigned for storing the various 
drums and kits of base inks in accessible arrangement, and the 
ink room must be provided with good, natural daylight for 
color matching; suitable color matching benches; accurate bal- 
ances for weighing out the small amounts of bases used in 
color matching; proof press; scales for weighing out the com- 
mercial-size batches; pony, or change-can mixers; and a suf- 
ficient number of mixing tubs so that pressroom production 
will not be hampered while waiting for mixing tubs to be 
cleaned. The batches of ink may be sent out to the presses 
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either in the mixing tubs, or in kits or dishpans. The advantage 
of using the mixing tubs is that no transfer of ink from mix- 
ing tubs to other containers is necessary. 

To sum up, it appears from experience that the base ink 
system eliminates many of the disadvantages of operating a 
private ink plant, and, for those printers who use enough ink 
to justify their considering making their own inks, it offers a 
better solution than the private plant to the problem of re- 
ducing costs, while still making it possible for them to enjoy 
the fast service commonly associated with manufacturing their 
own inks. 

But the average printer or lithographer will do well to keep 
in mind that there are normally more headaches than ad- 
vantages associated with making his own inks, whether start- 
ing from base inks or from dry color. Probably more money 
has been lost in private ink plant operations than has ever been 
saved—and a great deal of second rate ink has been made, 
that had to be used up. In the final analysis, probably the best 
advice that can be given is “Leave ink making to the experts.” 


Chapter 4 


MANIPULATION OF INK 


Mos PRINTING INKS, manufactured by reputable con- 
cerns, are precision products made to careful specifica- 
tions to meet definite requirements. Usually, the less manipula- 
tion or “doctoring” done to them in the pressroom, the better 
they will perform. If the ink maker is given all the facts about 
the requirements of the ink before he formulates it, there 
should be little need for further adjustment in the pressroom. 
When difficulty is encountered with performance of an ink on 
the press, it is better to consult the manufacturer, who is fa- 
miliar with its formulation, rather than for the pressman to 
attempt to make adjustments himself. Certain ink making raw 
materials are not mutually compatible and, when mixed, may 
cause separation of the ingredients. For this reason, it is un- 
wise to attempt to mix inks from different manufacturers, or 
even from the same manufacturer, unless small-scale prelimi- 
nary mixtures and tests show the inks to be compatible. 
Probably the best piece of advice we can give the pressman, 
then, is to avoid unnecessary and excessive ink manipulation. 
The second piece of advice, and almost as important, is to 
avoid “dopes.” A few years back, few boss pressmen would 
have felt they were worth their salt if they did not have, as an 
ace in the hole, for those situations where their inks were not 
working properly, an arsenal of “secret” ingredients or “dopes” 
which they insisted would serve to correct any but the most 
recalcitrant inks. Often, as a matter of fact, it was just one 
magic formula which when added to an ink would correct 
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whatever was wrong with it. Whether the complaint was that 
the ink was drying too fast, not fast enough, or if it was too 
tacky or too free-flowing, the same “secret dope” was added. 

Unfortunately this confidence of the pressman in such addi- 
tions to cure whatever ails his ink has been encouraged some- 
what by the companies that supply such compounds, dopes, 
or conditioners, to the pressman not fortunate enough to have 
his own trusted “secret” formulas. Such products ordinarily 
consist of mixtures of various lubricating greases, boiled oil, 
waxes, lard, tallow, etc., with the possible addition of pow- 
dered corn starch, magnesia or cream of tartar. Even sodium 
silicate, or water glass, are sometimes added to improve the 
working properties of inks. Another favorite “dope” of litho 
pressmen was “slash” compound, which consisted of a mixture 
of powdered magnesium carbonate in ordinary kerosene. 

Fortunately for the success of the vast majority of printed 
jobs, the practices of these early days are for the most part 
far behind us. Most pressmen today recognize the danger 
involved in fooling with inks indiscriminately, haphazardly, 
and often unnecessarily. For the most part, they have come 
to realize, perhaps through rugged experience, that seldom one 
cure-all can be trusted to straighten out effectively a wide 
variety of complaints. With this loss of faith in the old press- 
man’s secret “cure-alls” has come a realization that the best 
person to adjust an ink, or at least to advise on how it can 
best be adjusted, is the man who made it. 

However, circumstances do arise when it becomes neces- 
sary for the pressman to adjust the ink himself, as, for instance, 
if the printing plant is located at a considerable distance from 
the supplier, and trouble is encountered while running a job 


Color matching requires patience and 
the application of a few fundamen- 
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which must meet a deadline. Under such circumstances, and 
with press time as valuable as it is, it would be imprudent to 
let presses stand idle until outside help could be obtained. Or, 
if a small job requiring a special shade of ink must be run, it 
is sometimes desirable and more economical to match the 
shade and mix the small quantity of ink yourself, rather than 
to submit it to the ink maker and hold up a press awaiting 
delivery. However, if it is expected that repeat runs of this 
special shade will be received in future, it is good practice to 
purchase the shade ready-mixed from the ink maker who will 
then have the exact formula and will retain wet samples so 
that future shipments of the ink will match the original in 
every respect. The time and trouble of attempting to duplicate 
the shade each time is thereby eliminated. 

In any event, when mixing a special shade yourself, or when 
“doctoring” an ink, weigh all ingredients carefully, and retain 
the formula in a notebook kept especially for the purpose. 
A tap-out, or actual print, of each special shade should be 
retained in the notebook, with the formula, to aid in match- 
ing similar shades in future. Drying times, consumption rec- 
ords and other pertinent information should also be retained. 
It is a good practice to save a small metal pill box full of ink 
from each match-up job to serve as a standard for comparison 
when re-mixing the same ink in future. After the repeat batch 
of ink has been mixed, it may then be compared accurately 
with the standard by drawing the two inks down “side by 
side” by means of a smooth-edged ink knife or scraper blade 
onto a piece of smooth bond paper, and noting any differences 
in the shade or strength of the two inks. 

Color matching is an art that can be acquired only by prac- 
tice, application and a certain amount of patience. It is com- 
monly believed that a person must be born with a “color sense” 
and a “color eye” to become a good color matcher, but it has 
been my experience that any person with normal color vision, 
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i.e., one who is not color blind, can become proficient at color 
matching, if he will exercise the required patience, apply a 
few fundamental rules, and profit by experience. The rules for 
color matching are relatively simple, and if intelligently fol- 
lowed should insure satisfactory results. These are: 


|. Provide yourself with a clean glass, stone or non-staining 
metal slab placed on a firm table or bench in good natural 
light. Provide a small, but accurate, trip-scale or balance 
for weighing proportions of colors to be mixed. Other 
equipment should include a supply of small mixing 
knives, or spatulas, tympan paper squares on which to 
weigh inks, and a notebook for recording weights, as 
mentioned above. 
Prepare a set of solid prints, properly made tap-outs, or 
draw-downs with a smooth knife, of all the standard inks 
you purchase. If there are wide gaps in your set of colors, 
consult your ink maker about suitable inks to fill in the 
color gaps. Also request him to advise you of any inks 
that are not mutually compatible, and avoid the use of 
these particular inks when matching colors. These prints, 
tap-outs or draw-downs should be made on all the grades 
of stock you normally use. Note the drying times of each 
ink on each stock, and record for future reference. 

3. Before matching a color, decide from its appearance and 
its relationship to other colors on the job itself, if the 
color must be opaque or transparent. 

4, Study the color to be matched carefully, and attempt to 
analyze it into its components. For example, if the ink 
to be matched is an opaque green, it probably consists of 
a mixture of yellow and blue. Try to visualize if its yellow 
component is a clean, greenish yellow, such as either 
primrose or lemon, or if it is a deeper, redder, medium or 
chrome shade. In like manner, visualize the blue com- 
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ponent and decide if it is a medium, Milori shade, a clean 
peacock shade, a true blue shade (Victoria blue), or a 
monastral blue shade. If the green is extremely clear and 
bright, it may contain a transparent green lake, such as 
either malachite green or Victoria green. If it is a clean 
shade and extreme light fastness is desired, it may con- 
tain the expensive monastral green. If the green is a light 
tint, try to estimate the amount of white it contains. 


. Select the standard colors which you believe when mixed 


will produce the desired color. Weigh out about ten 
grams of the lightest color, in the above case either the 
white or the yellow, and then weigh out a small amount, 
say one or two grams of the darker color. These portions 
should be weighed out on squares of tympan paper, the 
weight of which has been properly tared, or allowed for. 
The portions of ink should then be slid, or scraped cleanly 
off the tympan paper and onto the clean glass, stone or 
metal slab. Always weigh out the lightest or weakest 
color first, because a small amount of the darker or 
stronger color will make a great difference in the color 
of the ink and if you should “go overboard” with the 
darker, stronger color, it will require large additions of 
the lighter, weaker color to correct the over-addition, 
with the possibility that you will end up with about a 
half-pound of ink instead of twenty grams, or so. 


. Mix the components thoroughly by means of two spat- 


ulas or knives, until all streaks and unevenness of color 
disappear. Then tap the color out lightly onto the stock 
to be printed. Allow the ink to “set” into the stock, and 
then compare color with sample to be matched. 


. Make weighed additions of color indicated by inspection 


and repeat mixing and tap out procedures until a match 
is obtained. 
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8. Convert the small, experimental gram formula into 
pounds and ounces and multiply by whatever number 
will yield sufficient ink for a preliminary press trial. If 
the press trial shows the ink to be satisfactory, prepare 
sufficient of the match for the actual press run. It is al- 
ways good practice to mix only sufficient for a portion of 
the run, until actual consumption figures are obtained, 
before making up the entire amount. 

9. Keep your matching equipment clean and uncontami- 
nated with inks from previous match-ups. This is of great 
importance in achieving satisfactory and reproducible re- 
sults. Use a different ink knife, or spatula, for every color 
used in each match job and never dip the same knife into 
more than one color unless it has been previously cleaned. 
Often the merest trace of a dark, strong color is sufficient 
to alter markedly the shade of a clean pastel color or tint. 


Probably the difficulty encountered most frequently in the 
application of ink is that it is too heavy or tacky for the stock 
being used, resulting in picking, piling and, in the most severe 
cases, tearing the stock out of the grippers. Most of the pet 
“dopes” used by old-time pressmen were employed to reduce 
the consistency and tackiness of inks. In those days, most inks 
were supplied in a heavy consistency, and it was incumbent 
upon the pressman to reduce them to the proper viscosity. 
Present-day inks are designed for application to specific classes 
of stock and are generally supplied in a consistency ready for 
use. However, occasions do arise when it is necessary to re- 
duce the consistency of an ink to obtain satisfactory results 
on soft, or easily picked surfaces, and the pressman should be 
familiar with the proper methods and procedures for reducing 
his inks. 

The wisest procedure to follow before reducing your inks is 
to consult your ink maker and obtain his recommendations as 
to the best reducer to use for any particular ink or purpose. 
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Indiscriminate use of greases and so-called “patent com- 
pounds” can cause irreparable damage to inks, by destroying 
their adhesion to the stock, and by introducing strike-through, 
poor drying and loss of gloss. In the absence of expert advice, 
the safest rule to follow is to reduce an ink with a thinner- 
bodied version of the same vehicle used in its manufacture. 
Since most high-grade letterpress and offset inks contain ‘bod- 
ied linseed oil vehicles, it is generally safe to reduce them 
with thin lithographic varnishes, such as number “0” or “00.” 
Kerosene, mineral oils and greases, when used in these inks, 
are apt to cause roller-skidding, poor drying, greasing, and 
other difficulties, and should be avoided. 

When adding reducer to an ink, follow the same procedure 
you would use in reducing a house paint. That is, add a small 
amount of reducer and work it into the ink thoroughly before 
adding any more. This is much faster and easier than trying to 
add a lot of thin reducer to a fairly heavy-bodied ink in a 
single step. It also avoids the danger of adding too much re- 
ducer. In any event, add the smallest amount of reducer that 
will overcome the picking or other difficulty encountered. In 
this way you will retain the life, strength and brilliance of the 
ink and will not introduce the difficulties normally encoun- 
tered when inks are too thin, such as washed-out appearance, 
mottling, slurring, misting, strike-through, etc. 

In those few instances when an ink is too thin and soft- 
bodied for best printing results, especially on bond, ledger and 
other “hard-surfaced” stocks, a little number 7 or 8 litho var- 
nish, or body gum, may be added to the ink to “pull” it to- 
gether. These should be used in moderation, since an excess 
will keep the ink from following the fountain roller, and may 
cause the ink to pick and pull the surface off the stock. The 
addition of dry powders, such as magnesia carbonate, corn 
starch, ultramarine blue, etc., is not recommended, since these 
materials are almost certain to cause piling and uneven dis- 
tribution unless ground into the ink by the manufacturer. 
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The gloss of an ink may be improved by the addition of a 
small percentage of gloss overprint varnish, or gloss gum, but, 
here again, caution must be exercised not to add too much, or 
mottle and slurring may result. Do not attempt to produce a 
high gloss ink by adding these ingredients to regular, linseed 
oil-based inks. The pigments must be actually ground in gloss 
vehicle by the manufacturer in order to produce high gloss 
results. All you will accomplish by adding large amounts of 
gloss varnish yourself will be a weak, mottled job. 

The addition of drier to an ink is an operation that calls for 
the exercise of caution and skill. The addition of too much 
drier can ruin an ink completely, by causing it to skin-up on 
the press while running, introduce picking difficulties, burn 
out the color, cause it to crystallize and refuse to accept over- 
printing with other inks, and, in extreme cases, cause the ink 
to remain tacky or sticky indefinitely. These difficulties are 
caused by the fact that drier, by itself, never dries hard. It 
requires the presence of a large amount of drying oil to func- 
tion properly. Authorities agree that the maximum amounts of 
drying metal that should be present in inks and varnishes 
are: cobalt—.05% metal; manganese—.1% metal, and lead—.5% 
metal. The addition of greater amounts than these will not 
accelerate the drying of the inks, but may serve to retard the 
drying or introduce the difficulties mentioned above. 

Translated into terms of actual liquid or paste drier, in the 
forms supplied by the ink manufacturers to the printer, this. 
means that no more than %-ounce of cobalt drier, or 1-ounce- 
of lead-manganese paste drier, should ever be added to a 
pound of ink. 

These two driers function in somewhat different manner;. 
and it is well to recognize these differences before deciding 
which drier to add. Cobalt causes the inks to dry rapidly on 
the surface, and aids gloss and scuff-resistance. However, it is 
apt to cause the ink to skin up rapidly on the press and intro- 
duce crystallization, if the ink is to be overprinted with other 
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colors. Lead-manganese paste drier, on the other hand, causes 
the inks to dry well throughout the thickness of the ink film. 
It improves the adhesion of the inks for the surface to be 
printed and does not normally cause the inks to skin as rap- 
idly as does cobalt. It is the only drier that should be used in 
inks which are later to be overprinted, and, in this case, only 
the very smallest amount may be added safely. The use of 
thin-bodied, liquid japan driers is not recommended, since 
these products contain a high percentage of volatile solvent 
which evaporates during the press run, causing the inks to be- 
come progressively heavier and tackier. (See pages 113 to 129 
in Chapter 9, “Driers and Drying” for a further discussion of 
this subject. ) 

No discussion of ink manipulation would be complete with- 
out a few words about the shelf life and proper storage of ink 
supplies. Correctly formulated inks should remain in good, 
usable condition for at least six months after manufacture. 
Some colors, such as Persian orange, peacock blue and other 
lake colors, may exhibit some shortening, or livering after this 
time. Other inks, such as black, Milori blue and certain chrome 
yellows, may improve in workability upon storage although 
their drying properties may be impaired, requiring the addi- 
tion of a small amount of extra drier for satisfactory results. 
For this reason, it is always advisable to consume inks in the 
order in which they are received, using up old batches before 
opening cans of newer ink. 

Cans of ink should always be stored right side up in a clean, 
moderately cool, light place. When a can has been opened 
and only a part of the contents are required, the ink needed 
should be taken from the top of the can by circling the entire 
circumference on the inside of the can with an ink knife. This 
will leave the top of the ink even and flat so that a piece of 
oiled-tympan paper may be placed over it and smoothed down 
carefully to exclude any air, thereby preventing the ink from 
skinning. Your ink maker can supply you with a quantity of 
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the waxed, or oiled-paper circles that he uses for packing the 
ink, which will be neater and less time-consuming than cutting 
them out yourself. When the can is opened again, follow the 
same procedure of removing ink and replacing the oiled paper 
for protection. Covering the unused ink with oil or water is 
not recommended, as it is almost impossible to prevent some 
of it from being mixed with the ink, destroying the drying and 
working properties. 

A large card, showing all ink removed from stock will serve 
as a useful consumption and inventory record. Once a year, 
or so, remove all old or slow-moving inks from stock and re- 
turn them to your ink supplier to be reworked into an all- 
around black or brown for use on odd jobs. This will keep the 
shelves free for good, fast-moving items. 








Chapter 5 


INORGANIC PIGMENTS 


r I's PIGMENT is the solid portion of a printing ink which 

imparts to it the characteristics of color, opacity, and to 
some degree, body or consistency. It is the principal part of 
the ink that the eye sees when viewing printed matter. It pro- 
vides the necessary contrast between the printed and un- 
printed portions, or between the various colors, on printed 
surfaces. 

There are a number of properties which a substance must 
possess to be classed as a pigment. It must be a powder, or 
easily powdered substance; it must form a homogeneous paste 
when mixed or ground with a vehicle. While, at first glance, 
this definition does not appear to include such materials as 
alkali blue and scarlet lake, which generally are ground from 
the wet pulp state and, therefore, are not thought of as pow- 
dered substances, careful consideration will show that in real- 
ity these pulps are very fine powders wetted with water and 
are, therefore, covered by the definition. Although white ma- 
terials such as alumina hydrate, blanc fixe, gloss white and 
magnesium and calcium carbonates do not possess coloring 
or hiding properties, in the generally accepted meanings of 
the words, and therefore, are not true pigments but rather 


Finished dry color is packed 
in barrels, lined with close 
grained, moisture proof pa- 
per, for shipment or storage. 
Photo E. I. du Pont de Nemours. 





58 Pressmen’s Ink Handbook 


extenders, they will be considered along with the pigments to 
simplify the discussion. 

Pigments are divided into two general classes based upon 
their chemical composition, i.e., into inorganic (mineral) and 
organic classes. The inorganic or mineral pigments are further 
classified into those that occur naturally and merely require 
some simple treatment such as pulverization, washing, or cal- 
cination, to fit them for use; and those inorganic pigments that 
are produced as a result of some definite, planned manufac- 
turing process. 

To be suitable for use in printing inks, a pigment must have 
many other properties besides color, hiding power and the 
ability to impart body. It must be wetted readily and dis- 
persed easily by oleoresinous varnishes, lithographic varnishes 
or other ink vehicles, and it must possess suitable texture 
(softness and fineness) to produce smooth, good-working inks. 
Permanence of color is another requisite, especially if the pig- 
ment is to be used in inks which must withstand outdoor 
exposure. In addition to these general properties, a pigment 
is frequently required to be resistant to water, acids, alkalies, 
various organic solvents, melted paraffin, heat, and so forth. 
Very few pigments exhibit resistance to all these destructive 
influences. In general, most pigments exhibit satisfactory re- 
sistance to only a few of them, and it is one of the tasks of 
the ink formulator to be familiar with the properties of each 
and to be able to select the proper pigment combination for 
any specific purpose. 

Thorough wetting-out of the pigment by the vehicle is es- 
sential for the production of a good printing ink. Wetting 
should not be confused with dispersion, although good wet- 
ting presupposes good dispersion. Wetting breaks down the 
cohesional forces between pigment particles and allows the 
vehicle to displace the envelope of air which surrounds each 
particle and permits the vehicle to coat the particles readily. 
This usually results in good dispersion, which is the uniform 
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distribution of individual pigment particles throughout the 
ink. Wetting also prevents the cohesional forces between pig- 
ment particles from being re-asserted and forming aggregates. 
There may, however, still be sufficient residual force in the 
coated particles, which, working across the pigment-vehicle 
interfaces, is sufficiently strong to effect an agglomeration of 
the pigment particles, forming soft flocculates which set up a 
structure, or shortness, in the ink. Certain vehicles which wet 
pigments well also permit flocculation to occur quite readily. 
lortunately, a certain amount of flocculation does no harm, 
and is often desirable, in printing inks, as it tends to impart 
a relatively short, buttery consistency which improves the 
printing properties of the inks. 

The texture of a pigment is also an important factor in its 
evaluation for use in printing inks. The term “texture,” as ap- 
plied to a pigment, is rather difficult to define since it com- 
bines the conceptions of the relative hardness or softness of 
the individual pigment particles, the average particle size, the 
shape of the particles, or their crystalline form, the ease with 
which the clumps, or aggregates, may be broken down in mill- 
ing, and the relative ease with which it may be dispersed in 
vehicles. Pigment manufacturers recognize a soft-textured pig- 
ment as one which forms an easily crushed filter-cake, the 
particles of which, when rubbed between the finger and 
thumb, slip over one another easily, with little friction and 
with no sensation of grittiness. 

The pigment manufacturer, therefore, apart from the main- 
tenance of shade and strength, is concerned vitally with the 
improvement of the texture of his products. The control of 
the conditions during and subsequent to the precipitation, or 
formation, of the color determines in large measure the tex- 
ture and other physical properties of the pigments produced 
by precipitation from aqueous solutions. Concentration of the 
solutions, degree of acidity or alkalinity, presence of dispers- 
ing agents, time and temperature, are but a few of the condi- 
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tions which must be controlled to insure uniformity and sat- 
isfactory texture. In certain inorganic pigments produced by 
calcination processes, texture is further governed by careful 
regulation of the time and temperature of heating. 

The control of the particle size of pigments used in printing 
inks is of considerable importance, since particle size governs, 
in large measure, the physical characteristics and working 
properties of inks. However, particle shape is just as impor- 
tant as particle size, as is indicated by the difference in behav- 
ior noticed in paints or printing inks containing zinc oxide 
when the nodular form of the pigment is replaced with the 
acicular form, Particle size should not be confused with aggre- 
gate size, which is the size of the minute lumps of pigment as 
supplied by the dry color manufacturer. Aggregates are clus- 
ters of particles formed by cementation during the drying of 
the pigment. All that is accomplished in the grinding of ink 
is the breaking apart of the aggregates and the wetting of the 
individual particles by the vehicle. Little, or no, reduction in 
particle size ever results from roller mill grinding. It will be 
appreciated that the smaller the particle size of a pigment, the 
greater will be its specific surface (total surface area of a gram 
of pigment) and the greater will be its oil absorption. A pig- 
ment of high specific gravity will have fewer particles per unit 
weight than the same weight of a pigment of low specific grav- 
ity, and this factor must always be taken into account when 
considering the relationship between particle size and oil ab- 
sorption of different pigments. 

As stated above, particle shape must also be considered 
when investigating the effects on ink of varying the particle 
size of pigments. An amorphous, or non-crystalline pigment 
particle has a larger effective, or specific surface than a crys- 
talline particle, as is indicated by its higher oil absorption 
(weight of oil required to wet completely a given weight of 
pigment). X-ray diffraction studies have shown that even so- 
called amorphous pigments possess crystalline properties, so 


Inorganic Pigments 61 


that there is no sharp distinction between the two, the differ- 
ence being of degree rather than type. 

In opaque pigments there is a definite optimum particle 
size for best covering or hiding properties. Particles either 
larger or smaller than this optimum produce inks of lesser 
hiding power. Although the importance of the various factors 
that determine the “optimum particle size” is a matter of dis- 
pute among authorities, it is perhaps safe to remark that the 
optimum diameter of a particle of any opaque white pigment 
is between 0.2 and 0.3 micron. This value is approximately 
equal to half the wave length of visible light. Particles smaller 
than this do not block light waves effectively, and hence cause 
the ink to appear more transparent. Large particles, because 
of their necessarily looser packing in the vehicle, permit more 
light to pass between the particles, and, again, make the ink 
appear more transparent. 

The pretreatment of pigments to improve their wettability 
by vehicles, ease of dispersion and gloss when ground in oil, 
has been the subject of many patents. Perhaps the best known 
and most useful of these pretreatments is the resinification 
process which is widely employed to improve the texture of 
such pigments as lithol red, lithol rubine, monastral blue, etc. 
While the process has been used for many years, its surface 
chemistry is still little understood. Briefly, it consists of adding 
a solution of sodium resinate (rosin soap) to a water disper- 
sion of one of the sodium components of the coupling, or to 
the sodium salt of the dyestuff. After striking the color, or 
coupling the components, calcium chloride, or other precipi- 
tating agent is added, and calcium resinate is formed together 
with the calcium salt or lake of the dyestuff. When resinated 
pigments are used in ink, the vehicle partially dissolves the 
calcium resinate, thereby improving the wettability of the pig- 
ment and the gloss of the resulting ink. 

The so-called “flushing” process has been used for many 
years to improve the texture-in-oil of pigments that exhibit a 
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tn [Ls ele, Be Shee Urea Spall Fe ig partial vacuum. This procedure has been used for many years 
3 Ral Ol ee tOe Oe On wet Om kOe ae coe E z é : . 
0 i a ee in the production of alkali blue pastes, since it avoids the for- 
S — mation of hard, horny aggregates of pigment particles which 
2 |§ 33 We eres Oe th ee Me 2 would form if the pigment were dried and ground in the usual 
§ St == manner. 
& S 2228 24 22 22 2 The idea has become quite prevalent that a pigment flushed 
ae lila = ga 2 a es 2 a a into a vehicle is always superior to the same pigment prepared 
Sm] 3s ro) S ° =) 3) S S 3 S é . Rx are 
3 splint, PF tay ae ae 8 2 oe by the usual procedure of drying, pulverizing and grinding 
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3 te 3 3 ee ae Henry L. Beakes, of the Kentucky Color & Chemical Company 
FS 5 A ear Le - ial Ae ee Pee (American Ink Maker, November 1937), indicates that this is 
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: Ae ae ee geo. < B color, and while the wetting of a flushed pigment is necessarily 
a) 5 g Se a 3 3 £3 $ 8s complete, its dispersion in the vehicle is no better than that 
mah et Vers IRs EL et of a properly prepared dry grind. Moreover, flushed pigments, 
9 ms because of the residual water present, frequently exhibit a 
. = greater tendency to flocculate than do dry colors. 
a = = The gloss obtained with flushed pigments is generally supe- 
S S ee ee 2 rior to that obtained with dry grinds of the same pigment. 
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2 z ag Ps 2 ae & x g 6g 8 pigments, where wetting is complete, is almost invariably bet- 
hy Bn Sa fore a : : : . 
Bo 3 a ac Ete Fe ser oat eee ter than that obtained with dry colors. The requirements for 
om P= a ro) ro) 2 = 3 0 o . A . 
as g 3 23 Beh: 3a 2 33 2 gloss are well understood and include correct particle size, 
- sg 8s ge aes ae ae is good wetting, dispersion and after flow, as well as minimum 
og =| D4 See) qd ew ~ . ° A " 
§ fe e8e Sewage BSeee B84 a3 of penetration into the paper by the vehicle. 
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BR fs fi f printing inks. This is d inl th 
~ acture oO printing inks. is is due, mainly, to the coarse, 
STs gritty texture of most natural pigments and the consequent 
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vo 9 > ~ » ~~ ~ q . ° 
awe a ete «3 g of these pigments are very weak in color strength and are of 
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a) ae aE 38 25 25 2 a Gasotea 1 oad licati in th f inl d 
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ee & S8 S863 65 SShhbSS pest an ™ est applications in the men sours or plate an 
stamping inks, wood-block poster and sign inks, and a few 
= other applications where their poor working properties are 
x offset by the nature and requirements of the job. These pig- 
= @ : % : : 
nt = gE cere #2 38 ments, in general, have very low oil absorption and must be 
S z oD ovis fs 23m round into fairly long and viscous vehicles to make them 
ae ae be ig Bee BR 
= o 4 SOU pie “cee eee work at all. This, of course, does not apply to plate or engrav- 
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iss Be) Bele 8) <o  Rleeae ae, ing inks which must have a fairly short body anyway. 
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om oO. 4 Ho > = we a me “ 2 . 
Se 23 8 2s 32 33 Se a, g table might be lengthened considerably from the theoretical 
a fp $e ee Eee eae eS standpoint, but for all practical purposes these pigments con- 
Syst ce hntie 2 pisiae Mao Ses RR P fist ahs 
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i Bods. S28 Au se & £ printing inks. 
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Bee a RO See aS BES ssl ttgsss making printing inks. Indeed, where opacity and exceptional 
covering qualities are required, they are indispensable. These 
Se yy e = e P : 
38 ca: J 3 K debe ee 3 S pigments are all produced as the result of some definite manu- 
Re ~ a & . * * 
~m|™ facturing procedure and are, therefore, much more uniform in 
re = ey ee ‘ i y. ; set: color, composition and texture than the natural mineral pig- 
-] : a ® o ® o 5 A . 
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= > inks of good tinctorial strength, flow, tack and general work- 
> = ey . “ j 3 on Il 
= 3 2 ing properties. Those possessing high specific gravities usually 
ol =| 3s 
~ P) g is > 8 are ground in long, good-carrying vehicles, or in admixture 
oe us} ra : ° . : 
ne $3 3 £2 2 ae 8 with extender pigments of low specific gravity, to make them 
& me “> 3 ° F feerk 
8 § © Loa Pee hg . distribute properly on the printing press. Many of the manu- 
S a8 8 S8¢ ae a5 cn 3 factured mineral pigments are the metallic salts of such dry- 
a 3S = 832 25 i) Sh. ; ‘ : . a 
es e 2 2 aed Se & 3 : eg 0 m ing, or semi-drying metals, as lead, zinc and iron, and hence 
* Sh = SSH 30 ©o 9 ; ‘ 4 . 
te? ei Sa Gieecee oe possess natural drying properties and do not require the addi- 
SNS ay Ae es ee ae I ying prop q 





tion of as much drier as would ordinarily be necessary. 





68 Pressmen’s Ink Handbook 


A large number of pigments of almost an unlimited range 
of hues are included in this group. Many of them have been 
known and used for a great many years, and a few of them 
were known to the ancients. They find extensive use in many 
branches of art and industry other than the manufacture of 
printing inks, as in the manufacture of paint, artist’s colors, 
wall paper, linoleum, etc. 

The tables on pages 64 and 66 describe the inorganic pig- 
ments used most frequently in the manufacture of printing inks. 


Chapter 6 


ORGANIC PIGMENTS 


TS ORGANIC PIGMENTS comprise the long list of colors de- 
4 rived from natural and artificial dyestuffs. The natural 
dyestuffs are obtained from both animal and vegetable sources 
and many of them have been known and used from the earliest 
classical times. The natural dyestuffs include Tyrian purple, 
carmine, quercitron, indigo and natural alizarine and pur- 
purin. Due to the time and labor required for their produc- 
tion, the natural dyestuffs are quite expensive. As a result of 
their high cost, lack of uniformity and low tinting strength, 
they have been replaced almost entirely by the synthetic dye- 
stuffs in printing ink formulation. 

The history of the synthetic dyestuffs dates back to Perkin’s 
discovery of mauve, in 1850. Perkin, then only eighteen years 
old, set out to develop a method for the production of quinine 
from aniline. Instead of quinine, he obtained a black, tarry 
substance in which he discovered aniline purple, or mauve. 
This discovery unleashed the scientific forces of the times and 
the discovery or development of other dyes followed rapidly, 
particularly after a rational system of molecular notation was 
adopted. Today, thousands of dyes are known, many of which 
surpass in beauty, brilliance, variety of hue and fastness those 
fashioned by nature. 

The principal source of the raw materials used in the pro- 
duction of the synthetic organic dyestuffs is coal tar, the black, 
oily, highly odorous material that collects in the mains leading 
from the retorts used in the manufacture of illuminating gas 
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and coke. Crude coal tar is a very complex mixture. More than 
100 organic compounds have been identified in it, however, 
most of these occur in minute percentages; the bulk of the tar 
consisting of about six compounds. These principal ingredients 
are benzol, toluol, the xylols, phenols, naphthalene and an- 
thracene. The crude tar is separated into its principal constit- 
uents by fractional distillation. This is generally carried on in 
huge retorts similar to steam boilers, heated by coal or oil 
fires. About five thousand gallons of the crude tar are intro- 
duced into the still, the cover clamped on and the fires started. 
The still is connected with a fractionating condenser tower 
and the heating is regulated so that the distillate is recovered 
at the rate of 200 to 400 gallons per hour. 

By changing the receiver at various stages of the distillation 
process, or by tapping the fractionating tower at various 
points, the distillate is separated into several fractions. The 
exact procedure in regard to the temperature limits and the 
number of fractions collected varies considerably in practice; 
but, in general, the fractions collected are light oil (B.P. 105 
to 210 degrees); middle, or carbolic oil (B.P. 240 degrees); 
and soft pitch, which remains in the still after removal of the 
creosote oil. If anthracene oil is to be separated, the distilla- 
tion is carried above 270 degrees, thus pitch remains in the still. 

The light oil contains benzol, toluol, the xylols, and small 
quantities of many other substances. By repeated distillation, 
these ingredients are obtained in a fairly pure condition. The 
middle, or carbolic, oil consists principally of phenol and 
naphthalene. The phenol, or carbolic acid, is separated from 
the naphthalene by treating the oil with sodium hydroxide 
solution, in which the phenol is soluble. The alkaline solution, 


Color ingredients are reacted 
in large wooden vats. The re- 
sulting pigment forms as a 
floc and settles to the bottom. 
Photo E. I. du Pont de Nemours. 
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after separation from the insoluble oils, is acidified, where- 
upon the phenol separates out as an oily substance. From the 
higher-boiling distillates, naphthalene and anthracene crystal- 
lize out upon cooling. These hydrocarbons are separated by 
filtration and pressure, and are further purified by redistilla- 
tion and sublimation. 

The materials that are separated from coal tar and are par- 
tially purified by the above processes are known as “crudes.” 
They are used in industry and the arts for a number of pur- 
poses and form the starting point for the preparation of the 
intermediates that are used in the manufacture of the synthetic 
dyestuffs, perfumes and medicines. By treating the crudes with 
various chemicals such as sulfuric, sulfurous, nitric and nitrous 
acids, ammonia, the halogens, etc., a large number of differ- 
ent intermediates may be formed, from which an almost end- 
less number of dyestuffs may be prepared. The preparation of 
the various dyestuff intermediates is an important phase of 
organic chemistry. 

The intermediates, for the most part, are colorless com- 
pounds, and it is not until they have been combined, diazo- 
tized, fused, or otherwise treated chemically, that they are 
developed into dyestuffs and acquire color. The preparation 
of the intermediates and dyestuffs is a highly specialized 
industry and the scope of this book does not permit a detailed 
description of their manufacture; however, a description of the 
most important and typical of these reactions, known as diazo- 
tization, will be given. 

When a benzene or naphthalene intermediate that contains 
an amino group (NHz2) is treated with sodium nitrite and 
hydrochloric acid at a temperature near the freezing point of 
water, a reaction known as diazotization occurs. The hydro- 
chloric acid reacts with the sodium nitrite to form nitrous 
acid, which combines with the amino intermediate to form a 
diazonium compound. These diazonium compounds are quite 
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active chemically and combine with the various naphtholic, 
phenolic and amino intermediates to form the azo colors. Since 
there are a large number of intermediates that contain the 
amino group and which respond to diazotization, and an al- 
most equal number of intermediates with which the diazotized 
compound may be combined, it can be appreciated readily 
that a large number of dyestuffs and pigments may be pre- 
pared merely by this one type of reaction. Lithol red, para- 
nitraniline, red for lake C and toluidine are but a few of the 
azo pigments produced by this reaction. 

Some of the compounds produced by diazotization are in- 
soluble in water and need only to be dried out and pulverized 
to fit them for use as pigments. These insoluble compounds 
are known as pigment dyestuffs. Other azo compounds con- 
tain sulfonic acid or other groups which render the compound 
soluble in water, and which require further treatment with 
barium chloride, etc., to insolubilize them. These compounds 
are true dyestuffs and many of them are suitable for the pro- 
duction of lake pigments. 

The term “lake pigment” generally denotes a dye, or a mix- 
ture of dyes, that has been precipitated in an insoluble form 
on some inert mineral base, extender or substrata, and serves 
to distinguish such a pigment from toners and pigment dye- 
stuffs that, theoretically at least, do not contain a base sub- 
strata. While a toner or pigment dyestuff may be cut or 
reduced with some inert base, such a mixture is not a true 
lake pigment because the color was not precipitated or 
“struck” on a substrata. The function of the substrata is to 
act as a matrix for the dye and to impart body and working 
properties to the resulting lake. It is an essential part of a lake 
pigment, and unless used in an amount considerably in excess 
of the requirements of the particular dyestuff, is not to be 
classed as an adulterant. Most dyes, if precipitated without a 
base, would be quite worthless as pigments. Orange II and 
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erioglaucine, which are used in the preparation of Persian 
orange and peacock blue, respectively, are typical examples, 
as it is impossible to prepare satisfactory pigments from these 
dyestuffs without the required percentage of base. 

From the purely chemical viewpoint, there are at least ten 
different classes of dyestuffs from which pigments may be 
prepared. Each of these has certain characteristics of chemical 
formation and derivation that distinguish it from the others. 
The usual classification, with examples of pigments prepared 
from each, follows: 


1. Nitro colors, of which naphthol yellow S is the only im- 
portant member. 

2. The azo and diazo colors, of which Persian orange, lithol 
red and paranitraniline are examples. 

8. The nitroso and isonitroso colors. These form an unim- 
portant group from which lakes are rarely made. 

4, The oxyketone colors. This is a very important group 
since it includes the madder lakes and allied pigments. 

5. The ketonimides and hydrazides. These colors are related 
to the oxyketones, but at present only one color from each 
sub-group is of any interest to ink makers; auramine, a valu- 
able basic yellow dyestuff; and tartrazine, from which the 
important yellow lake of the same name is prepared. 

6. The triphenylamine or triphenylmethane colors. These 
are basic dyestuffs of which phloxine, eosine, rhodamine, etc., 
are typical examples. 

7. The azines, oxazines and thioazines; fast blue 2B and 
methylene blue typify this group. 

8. The quinolines; quinoline yellow lake being the most 
important member of this group. 

9. The acridine colors; the phosphenes are the most impor- 
tant dyestuff colors in this group. 

10. The indanthrene and sulfur colors; these dyes, of which 
indanthrene blue, indanthrene permanent pink, and indigo are 
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examples, form very permanent pigments, but, with the excep- 
tion of indanthrene pink, are seldom used because of their 
dullness, poor dispersing properties and high price. 

11. The phthalocyanine colors, of which monastral blue is 
the most important member. These pigments are related, al- 
though distantly, to chlorophyll (the green coloring material 
in plant life), to hemin (the red coloring matter in blood), 
and other porphin-type natural coloring matters. 


While the above classification is of great interest and value 
to the dyestuff chemist, it does not mean a great deal to the 
practical pigment and lake maker who requires something 
simpler to follow. Since the majority of the dyes used in the 
preparation of the various lake colors appear on the market 
in the form of salts in which the dye-base, i.e., the color pos- 
sessing group, takes the place of either the acid or basic con- 
stituent of the salt, we may simply classify the dyestuffs as 
being either acid or basic, depending upon the position of the 
dye-base in the salt. 

Acid dyestuffs are so-called because the dye-base takes the 
place of the acid part of the salt. They appear on the market 
as either the sodium or potassium salt of the dyestuff and are 
precipitated from solution by means of metal salts such as 
barium chloride, stannous chloride, aluminum chloride, cal- 
cium chloride, lead acetate, lead nitrate, etc. The lakes pre- 
pared from acid dyestuffs are generally more resistant to light 
than those prepared from basic dyestuffs, unless the latter 
have been precipitated with phosphotungstic or phosphomo- 
lybdic acid complexes. The acid colors also resist baking some- 
what better than the basic colors and are apt to exhibit less 
bleed in water, oil, lithographic varnish, melted paraffin, alco- 
hol, and other solvents. There are a great many acid dyestuffs 
known and lakes of practically any hue may be prepared from 
this group. 

The basic dyestuffs are so-called because the dye-base takes 
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the place of the basic component of the salt. They generally 
contain amino or substituted ammonia groups and appear on 
the market as the chloride or double zinc chloride of the dye- 
stuff. The basic dyestuffs are precipitated from solution by 
acids, or mixtures of acids and substances like tartar emetic 
(antimony potassium tartrate), which render the precipitation 
more complete. The usual mixture is tannic acid and tartar 
emetic, although the lakes formed by precipitating dilute 
solutions of the dyestuffs with phosphotungstic and/or phos- 
phomolybdic acids are much faster to light and, in spite of 
their much higher cost, are preferred where stability to light 
and solvents is an important consideration. Other acids, such 
as phosphoric, arsenic and resinic are used occasionally for 
precipitation. They yield clear lakes of pure color; however 
their resistance to light is rather poor. In general, the basic 
dyestuffs produce more brilliant lakes than the acid dyestuffs, 
but are more apt to bleed in water, alcohol, solvents, etc. 

As might be judged from the foregoing, the manufacture 
of organic pigments is a complex and highly specialized indus- 
try. Special equipment and methods are necessary for the pro- 
duction of almost every one of the many types of colors. A 
large dry color establishment is generally divided into a num- 
ber of separate departments, in each of which a certain type 
of color is produced. The lower floors of these establishments 
are taken up with rows of large precipitation vats. These vats 
are cylindrical in shape, about fourteen feet in diameter by 
twelve feet high. They are equipped with strong rotating stir- 
rers which are driven by suitable gearing and clutches located 
above the vats. A platform, or catwalk, is built over the rows 


After washing by decantation, 
the pigment slurry is passed 
through a filter press and the 
cake then dried and powdered. 

Photo E. I. du Pont de Nemours. 
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tion, but physically it is somewhat different in that it has a 
larger particle size and a more flocculent structure. It pro- 
duces inks of softer, grayer masstone and bluer undertone 
than impingement carbon black. It is wetted more easily with 
oily vehicles than carbon black and produces longer, more 
free-flowing inks. The opaque, dull effect of lampblack is used 
to advantage by modern ink makers in formulating inks which 
dry with a distinctive soft finish which is desired in printing 
high-grade stationery, banknotes and other documents. It is 
often used in conjunction with carbon black in the better 
grades of halftone and illustration blacks to impart opacity. 


CARBON BLACK 


Carbon black is the pigment obtained by allowing luminous 
flames, produced by burning natural gas in an atmosphere 
with a limited air supply, to impinge upon metal surfaces. 
Carbon black is sometimes called “impingement black” to 
distinguish it from the newer furnace blacks and thermal 
decomposition blacks, which are also produced from natural 
gas. 

Most carbon black pigments are manufactured by the so- 
called “channel” process wherein the gas is burned in evenly 
spaced rows of lava tips set into iron pipes. The flames are 
permitted to impinge upon ordinary steel channel bars that 
are moyed slowly back and forth to distribute the soot. The 
black is scraped off the channels automatically and passes 
through hoppers to a collecting depot where it is tested, 
graded and packed. Because of the method of manufacture, 
this grade of black is commonly called “channel” carbon black. 

Special so-called “long” or free-flowing types of printing ink 
blacks are made by a modification of the roller process, where 
the gas is burned in round lava tips and impinges on slowly- 
revolving iron rollers. These premium-grade blacks are par- 
ticularly desirable for use in fine halftone and litho blacks, 
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where high pigment loading combined with good flow prop- 
erties is essential. 

Carbon black is an intensely strong pigment, having a dense, 
jet masstone and slightly brownish undertone, in contrast to 
lampblack, which has a grayer masstone and bluer undertone. 
Carbon black is inert, chemically, and may be used in any 
vehicle or with any combination of pigments with no danger 
of interaction. Some flotation may occur in thin inks, however, 
due to the extremely fine particle size and low specific gravity 
of the black. The pigment is unaffected by light, heat, acids, 
alkalies and solvents; in fact, the only element that will de- 
stroy it is fire. 

Because of its large specific surface and the presence of an 
absorbed layer of oxides of carbon which surround each par- 
ticle of the pigment, carbon black is highly adsorptive. It 
tends to adsorb metallic driers (and other dissolved sub- 
stances) from solution in the vehicles, and thus retards the 
drying of inks and paints. This tendency may be reduced by 
including a larger than normal percentage of drier in the for- 
mulas. Carbon black has a higher oil adsorption than lamp- 
black or any other black pigment, and this property, coupled 
with its bulkiness and extreme fineness, makes it more difficult 
to wet with vehicles than most other pigments. However, pres- 
ent day mixing and milling equipment is well able to handle 
carbon black inks, and dispersions having good covering 
power and freedom from agglomerates are produced readily. 

Due to its extremely fine particle size and surface activity, 
carbon black adsorbs considerable moisture if stored in a 
damp place. It is not unusual for samples to indicate a mois- 
ture content of 4.5 per cent on analysis. A small amount of 
moisture undoubtedly aids in the wettability of the pigment 
by vehicles, but a large per cent is known to interfere with 
the drying properties of the inks in which the black is used. 
Similarly, offset inks containing carbon black tend to adsorb 
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the acidic fountain solutions, thereby impairing the drying 
properties of the inks. 

To overcome the dust problem encountered in the use of 
powdered carbon black, and also to improve the ease of wet- 
ting, so-called “black beads” have been developed, which are 
manufactured by compressing the carbon black into small 
pellets, or beads. The beads are handled in exactly the same 
manner as an equivalent weight of powdered black, except 
that the pellets are stirred into the vehicle and the whole 
allowed to stand for several hours, whereupon the beads break 
down readily upon subsequent milling. 


FURNACE BLACK 


Furnace blacks, while known for many years, have recently 
assumed a position of great importance in the printing ink 
industry owing principally to their relatively low cost, bluish 
undertone, long flow and high opacity. Furnace blacks are 
made either from gaseous or liquid hydrocarbons by the free 
flame process. Closely controlled combustion conditions are 
important in the manufacture of these blacks. - 

Furnace blacks are characterized by having the highest per- 
centage of fixed carbon of all the colloidal black pigments. On 
the other hand, they have the lowest percentages of occluded 
gases, entrained air and volatile matter. This means that these 
pigments exhibit greater density and opacity than other black 
pigments. Furnace blacks have a bluer undertone than either 
impingement carbon blacks or most lampblacks. Therefore, 
less blue toner is required in a given ink to overcome the 
brownish undertone of the black pigment. Furnace blacks also 
exhibit less hygroscopicity and less surface activity than either 
carbon black or lampblack, and, therefore, are not as prone 
to adsorb metallic soaps and driers from solution in vehicles. 
Consequently, they appear to dry better than either impinge- 
ment carbon blacks or lampblacks. The furnace blacks have 
a higher pH, i-e., they are more alkaline, than other black pig- 
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ments. This property, coupled with their lower hygroscopicity, 
enables them to withstand lithographic breakdown better than 
other black pigments. 

The dense, smooth-laying nature of furnace blacks is being 
used to advantage in the formulation of improved lithographic 
inks, heat-set inks, moisture-set inks, and publication inks. 
Furnace blacks are somewhat less abrasive than impingement 
carbon blacks and, therefore, exhibit less tendency to wear 
the surface of printing plates. Furnace blacks may be used 
to advantage in any application where jetness of masstone is 
not essential. 


THERMAL DECOMPOSITION BLACKS 


These form a rather special group of blacks produced by 
the pyrolysis, or thermal decomposition, of natural gas or 
ethylene in the absence of air. Two varieties are currently 
being manufactured—one of large particle size, used as an 
inactive filler or extender for rubber; and the other, of some- 
what smaller particle size, which is being used as a pigment 
in paint. Because of their relatively large particle size, these 
blacks are neither as strong, nor as black as the pigments pro- 
duced by either impingement or furnace processes and, conse- 
quently, have not been widely adopted for printing ink formu- 
lation. 


HARD BLACK 


Hard black, bone black, or as it is sometimes called, animal 
charcoal, is made by the destructive distillation of bones and 
animal refuse. The finest grades of hard black are made from 
nothing but bones, generally those of sheep. 

The best varieties of bone black possess a greenish-black 
masstone and a brownish-black undertone. The pigment is 
resistant to light and heat. It has a low oil adsorption and a 
dry, abrasive nature that makes it suitable for use in steel 
plate inks. 
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SOFT BLACK 


Soft black, or vegetable charcoal, is made by the destructive 
distillation of grape husks, vine twigs, vine wood, old wine 
casks, and similar materials. For this reason, it is sometimes 
referred to as “vine black.” Like other carbonaceous pigments, 
soft black is resistant to light, acids, alkalies, etc., and is in- 
soluble in all common solvents. A significant property of all 
charcoal pigments, whether vegetable or animal, is that they 
have a tendency to adsorb small quantities of organic coloring 
matters. Therefore, most ink makers agree that these blacks 
should not be used in combination with organic pigments in 
the preparation of gray, or other tints, as the color will change 
or be partially destroyed upon storage of the ink, leading to 
trouble on the press. 

Soft black has a darker, greener masstone than bone black, 
and a much bluer undertone. For this reason, it is used in 
plate and stamping blacks to improve their strength and color. 
Its low oil adsorption produces a somewhat long ink, having a 
moderate flow. It is less abrasive than hard black and is de- 
cidedly easier for the ink maker to grind into a satisfactory ink. 


MINERAL BLACK 


Mineral black is the carbonaceous black pigment made by 
grinding a highly carbonized shale or slate found in various 
parts of Europe and the United States. The pigment is defi- 
cient in tinting strength and possesses a bluish-black to a 
brownish-black masstone, together with a very brownish un- 
dertone. It is rarely used in the manufacture of printing inks, 


TRON OXIDE BLACK 


This pigment is produced by a patented process, which con- 
sists essentially in precipitating various iron salts by means of 
alkaline solutions. The resulting precipitate is subsequently 
partially oxidized and then washed, dried and pulverized. It 
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is used occasionally in plate and stamping inks to impart flow 
and easy-wiping properties. Because of its high specific grav- 
ity and low oil adsorption it imparts density and length to the 
inks and prevents gathering (i.e., piling) problems. The pig- 
ment is magnetic in nature and for this reason is sometimes 
called “magnetic black.” It has a dense, brownish-black mass- 
tone and undertone. 


MANGANESE BLACK 


The precipitated black dioxide of manganese is a brownish- 
black pigment that is used infrequently in conjunction with 
hard and soft blacks in the preparation of black plate inks. It 
works well, but is highly deficient in tinting strength. 


GRAPHITE 


Graphite is a gray-black carbonaceous pigment possessing 
a decidedly metallic luster. It is soft and has a greasy feel. It 
is amorphous in texture, a poor drier, and has little tinting 
strength. It is seldom used in the manufacture of printing inks. 











Chapter 8 


PRINTING INK VEHICLES 


abe VEHICLE is the fluid component of printing inks, which 
serves as the dispersing and carrying medium for the pig- 
ment particles, or dyes, and which imparts the necessary flow, 
tack and plasticity to the inks to enable them to distribute on 
the printing presses and transfer properly from rollers to plate 
to printed surface. It is also the vehicle which binds the pig- 
ment particles to the printed surface, and imparts the neces- 
sary drying properties to the inks. 

The selection of the proper vehicle combination for use in 
each of the various types of inks is fully as important, if not 
more so, than the selection of the best pigment combination, 
since it is the vehicle that largely determines the working 
properties of an ink and which differentiates one type of ink 
from another. For instance, the same pigment combination 
may be used in both a letter-press and a lithographic ink, but 
the vehicle combination would have to be different in each to 
produce inks that would be suitable for each process. Choos- 
ing the proper vehicle for each type of printing ink requires a 
combination of long experience and keen judgment, together 
with a knowledge of the properties and availability and prices 
of the various oils, varnishes, solvents and resins used in ve- 
hicle formulation. The specific requirements of the ink must 


Varnishes are prepared by cooking 
oils and resins for various periods, 
depending on desired consistency 
of the resulting product. 
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be kept in mind constantly when considering the most suitable 
vehicle to employ. 

There are a large number of different oils, varnishes, resins 
and solvents used in the manufacture of modern printing inks, 
and while the ink maker must have an intimate knowledge of 
the properties of each of them, it is sufficient for the printer 
to possess a general understanding of the important properties 
and differences between the various classes of these ink mak- 
ing raw materials. The steadily increasing speed at which 
printing presses are being run necessitates occasional changes 
in the vehicles used in the inks. New oils and varnishes are 
constantly being developed and tried out in an endeavor to 
improve the working and drying properties of the various inks. 
The keen competition in the printing ink industry today is 
another factor that forces the ink maker to be ever on the 
watch for cheaper and better materials. 

The various oils used in the manufacture of printing inks 
are classified according to their origin as mineral oils, vege- 
table oils, animal oils and synthetic oils. The vegetable oils 
are further classified into drying oils, semi-drying oils and 
non-drying oils, depending upon their rates of oxidation and 
whether or not they form dry, coherent films. The animal oils 
are further classified into terrestrial animal oils and marine 
animal oils, depending upon their source. 

The oils used most frequently in the preparation of printing 
ink vehicles are, quite naturally, the vegetable drying oils, of 
which linseed oil, chinawood oil, perilla oil and soybean oil 
are representative examples. While linseed oil is by far the 
most important, and is used in most types of printing inks that 
must dry by oxidation, its use has declined somewhat during 
recent years in favor of the faster-drying oils such as china- 
wood, perilla, oiticica, and safflower oils. Due to the insta- 
bility of price, and uncertainty of obtaining supplies of china- 
wood and perilla oils, these in turn are being replaced, in part 
at least, by the so-called “synthetic oils,” as represented by 
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dehydrated castor oil, re-esterified fish oil acids and alkyd oils. 

Following is a brief discussion of the principal properties 
and uses of the more important oils and varnishes used as 
raw materials in printing ink manufacture. 


VEGETABLE DRYING OILS 


The vegetable drying oils possess the unique ability, when 
spread out in thin films, to absorb oxygen from the air and 
change from a fluid to a tough, elastic solid film in the process. 
Polymerization frequently enters into the drying action also. 
The amount of oxygen absorbed, and the rate of absorption, 
are roughly proportional to the iodine value of the oil; so we 
may judge the drying ability of an oil, approximately, from an 
examination of its iodine value. In general, oils that exhibit an 
iodine value of over 120 (centigrams of iodine absorbed by 
one gram of oil under carefully controlled conditions) are 
classed as drying oils; those between 95 and 120 as semi- 
drying oils; and those below 95 as non-drying oils. Drying oils 
generally contain fairly large proportions of the glycerides of 
such unsaturated vegetable fatty acids as linoleic, linolenic, 
isolinolenic and eleostearic. The important drying oils, from 
the printing ink standpoint, are linseed, perilla, chinawood, 
oiticica, soybean and, lately, safflower oil. 


LINSEED OIL AND LINSEED OIL VARNISHES 


Linseed oil is obtained from the seed of the flax plant either 
by pressing the seed or by solvent extraction. Flax is grown in 
many parts of the world, but the principal flax-producing 
countries are the United States, Russia, Canada and the Ar- 
gentine Republic. It is an unfortunate circumstance that when 
flax is grown for seed, the fibers are unsuitable for use in mak- 
ing textiles, and vice versa. There are several methods in use 
today for obtaining the oil from the flax seed. All are based 
upon either expressing the oil by some pressure process, or 
extracting the oil from the seed with some solvent and subse- 
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quently driving off and reclaiming the solvent to obtain the 
oil. Both methods produce substantially similar products. Oil 
from fresh seeds is apt to be mucilaginous and turbid in na- 
ture; the fresh seeds are, therefore, generally stored for a 
period of several months before being either pressed or ex- 
tracted. 

The chemical composition of linseed oil has been deter- 
mined only approximately. It is known to be composed of the 
glycerides of a number of fatty acids, several of which are 
unsaturated and, hence, are capable of combining with the 
oxygen of the air to form solid substances; thereby giving the 
oil its valuable drying properties. The glycerides of the fol- 
lowing fatty acids have been definitely identified as being 
present in various samples of North American oil: palmitic, 
oleic, myristic, linoleic, linolenic and isolinolenic acids. The 
three last-named constituents give the oil its drying properties. 
They absorb oxygen slowly from the air, increasing the spe- 
cific gravity of the oil; and finally, if the oil is exposed in thin 
layers, cause it to dry to a hard, horny mass, commonly known 
as “linoxyn.” The period during which the oil is absorbing 
oxygen, before it turns to a solid, or “skins,” is known as the 
“induction period.” It generally takes from three to six days for 
a thin film of pure linseed oil to dry naturally, depending upon 
the temperature and humidity of the surrounding air. By the 
addition of small amounts of certain metallic soaps, commonly 
referred to as driers, the drying time may be reduced to sev- 
eral hours. 

Linseed oil becomes increasingly viscous as its temperature 
is lowered, but it does not solidify until chilled far below the 
freezing point of water. When heated, it starts to decompose 
at about 525 degrees Fahrenheit, and, as the temperature is 
raised still higher, it gives off dense, acrid fumes of acrolein 
and other decomposition products that eventually catch fire 
and burn with a red-tinged flame and with the evolution of 
thick, black smoke. The oil is soluble in petroleum distillates 


Printing Ink Vehicles 95 


such as naphtha, substitute turpentine, kerosene, mineral oil, 
etc.; and in many organic solvents such as xylol, toluol, benzol, 
various esters, ketones, carbon bisulfide, etc. It is only par- 
tially soluble in alcohol and ether. It is almost completely 
insoluble in water. It may be readily saponified, forming a soft, 
yellow soap when boiled or stirred with a solution of either 
caustic soda or caustic potash. 

The drying rate of linseed oil may be hastened considerably 
by the addition of metallic driers, i.e., the metallic soaps of 
the metals lead, manganese and cobalt. Boiled oil is raw oil 
which has been heated to a temperature of between 300 and 
500 degrees Fahrenheit with the addition of small amounts 
of lead and manganese compounds, or driers. The heating is 
desirable to insure the thorough incorporation of the driers, 
and to expel any water which may have been trapped in the 
oil. Raw linseed oil that has been merely mixed with a per- 
centage of liquid drier is frequently sold as boiled oil. Such 
a mixture, since it has not received the proper heat treatment, 
is not a true boiled oil, and hence is sometimes referred to 
derisively as “bung-hole boiled oil,” to distinguish it from the 
true boiled oil. Linseed oil, and other vegetable oils, do not 
“boil” in the sense that water does; but when heated to a suf- 
ficiently high temperature suffer partial decomposition, some 
of the glycerine from the glycerides of the fatty acids being 
reduced to the pungent-smelling acrolein and driven off. A 
number of other decomposition products are also formed in 
small amounts. During long cooking, the consistency or vis- 
cosity increases constantly due to polymerization (dimeriza- 
tion), condensation and oxidation. 


LITHOGRAPHIC VARNISH 


Lithographic varnish is commonly considered to be linseed 
oil that has been bodied by heat alone, without the addition 
of metallic driers. The term has been broadened somewhat 
during recent years to include heat-bodied perilla oil, china- 
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wood oil, soybean oil, and other heat-bodied drying oils. How- 
ever, when oils other than linseed are used, it is good practice 
to designate the product by the name of the oil used as “perilla 
oil lithographic varnish,” “soybean lithographic varnish,” etc. 
Lithographic varnishes based on synthetic oils and resins have 
appeared on the market and are referred to merely as “syn- 
thetic varnish,” or “synthetic resin vehicle.” 

Lithographic varnish is sometimes referred to as “stand oil” 
in foreign literature. It is made in a number of consistencies 
varying from a varnish that is but little heavier than raw 
linseed oil to one that is very heavy and gummy and almost 
solid. The usual American method of designating the consist- 
encies of lithographic varnishes is by numbers ranging from 
nought to nine, and from nought to five nought. Number 
nought has a fairly thin consistency (approximately ten poises 
on the absolute viscosity scale), while number nine is very 
heavy and stringy, and about as heavy as it is possible to make 
a lithographic varnish by heat alone. Consistencies thinner 
than number nought are designated by No. 00, No. 000, No. 
0000, and No. 00000; the No. 00000, of course, being the thin- 
nest and just barely heavier in consistency than raw oil. These 
numbers have no scientific meaning, since their absolute vis- 
cosities do not progress in any regular steps from one number 
to the next, but rather in a series of irregular jumps or steps, 
as is shown diagrammatically on the accompanying chart. 

In the manufacture of lithographic varnish, the raw or re- 
fined oil is charged into open varnish kettles until they are 
about two-thirds full. The kettles are generally mounted on 
wheels, so that the kettle and contents may be removed from 
over the fire readily if necessary. The charged kettles are run 
into brick varnish stacks over gas, coke or oil fires which are 
regulated by means of valves or dampers. The brickwork over 
the kettles is built in the form of hoods which communicate 
with short chimneys to remove the copious fumes and smoke 
evolved during the cooking and burning processes. Generally, 
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a number of varnish stacks are built side by side in a long 
row, with brick side walls separating the individual stacks. 
Covers are usually provided for the kettles, to extinguish the 
flames should the contents of a kettle ignite; or if the varnish 
is to be burnt, to extinguish the flames at the expiration of 
the burning process. The charged kettles are heated slowly to 
a temperature of between 580 and 610 degrees Fahrenheit. 
The heating is regulated so that the oil will reach this tem- 
perature in about two hours from the time it is first put on the 
fire. The consistency of the resulting lithographic varnish is 
determined mainly by the length of time the heating is con- 
tinued, although the chemical nature of the oil, the shape of 
the kettle and the exact temperature maintained all have a 
bearing on the results. The thinnest consistencies are obtained 
by heating the oil at the top temperature for less than an hour; 
while the heaviest consistencies are attained in from 16 to 24, 
or more, hours. Ordinary iron kettles may be used, although 
copper, monel metal, nickel or stainless steel are recommended 
to prevent discoloration and contamination of the oil by the 
material of the kettle. Stainless steel kettles yield the lightest- 
colored varnishes and are rapidly replacing older kettles made 
of other metals. 

During the last few years, considerable progress has been 
made in modernizing and streamlining the equipment used for 
preparing lithographic varnishes and other vehicles. Stainless 
steel closed kettles of large capacity, heated by means of gas, 
electricity or Dowtherm systems, are coming into use. These 
kettles lend themselves to accurate instrumental control, and 
thereby insure a high degree of uniformity from batch to 
batch, while at the same time they are cleaner, require less 
physical labor and reduce spoilage and fire hazard consider- 
ably. 

Although the old method of preparing lithographic var- 
nishes, by heating the oil until vapors are given off and then 
igniting these and allowing the burning to continue until the 
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desired consistency is attained, is still used in isolated in- 
stances, it has been shown by modern investigators and proved 
by practical experience that the actual burning of the oil is 
unnecessary. In the burning process the oil assumes a dark 
color and apparently undergoes considerable decomposition, 
with the formation of a small amount of free carbon. Burned 
oils are still used as the vehicles for plate, or engraving, inks 
where a relatively short and greaseless varnish is desirable. 
These varnishes are generally known as “plate oils.” The acid- 
ity of a burned oil is generally higher than that of an oil that 
has been brought to the same consistency by long cooking 
without burning. 

In the manufacture of linseed oil, the longer it is cooked at 
temperatures over 500 degrees Fahrenheit, and/or, the higher 
the temperature at which it is cooked, the heavier will be its 
consistency, the higher its acidity or acid number, and the 
lower will be both its iodine and saponification numbers. In 
general, the same holds true also for varnishes prepared with 
drying oils other than linseed. Stated in terms of the practical 
results to be expected, the heavier the varnish, the greater will 
be its tendency to combine with any basic pigments with 
which it may be mixed, and the slower will be its drying time. 

It is generally assumed that the thickening or livering of 
printing inks is due to soap formations between the free fatty 
acids of the varnish and the basic constituents of the pigments 
used. However, this is only part of the picture, since it has 
been shown that the gummy, dispersed phase present in var- 
nishes also contributes to livering. We might point out that 
heat-bodied oils are not strictly homogeneous but consist of a 
gel of highly polymerized oil molecules dispersed in a lower 
polymerized, more fluid phase. Such a system is termed scien- 
tifically a hemicolloid. Livering, then, is caused by, (1) a 
highly acid vehicle in combination with a basic or highly col- 
loidal pigment, and (2) the presence of considerable dis- 
persed phase in the vehicle. The soap formation probably oc- 
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curs first. The small amount of soaps that are formed, then 
upset the colloidal balance of the vehicle, and the highly poly- 
merized, dispersed phase of the vehicle then flocculates around 
the pigment particles until the space surrounding each particle 
is filled completely with the flocculated gel structure. Rigid- 
ity, or livering, then ensues. For a more complete discussion 
of livering of printing inks, the reader is referred to the article 
on this subject which appeared in the American Ink Maker of 
May, 1939. Livering is best avoided by the use of vehicles of 
low acid number and viscosity, consistent with the require- 
ments of the pigment and finished ink; also by avoiding the 
use of those pigments which experience has shown are prone 
to liver. The only advantage the heavier varnishes possess over 
the lighter, thinner varnishes appears to be in their greater 
carrying power (distributing power), as a medium for pig- 
ments. 

Many processes have been patented for the production of 
heavy-bodied, pale-colored, lithographic varnishes by means 
of blowing hot air through the heated oil. In these processes 
the oil is usually heated to a temperature of slightly over 250 
degrees, Fahrenheit, and the blowing continued until the oil 
has reached the desired consistency or viscosity. In one such 
process, the oil is heated under partial vacuum during the 
blowing operation. This results in a very pale varnish of low 
acid number. In another process, the oil is cooked under vac- 
uum at higher temperatures without the blowing operation. 
Oddly enough, however, vacuum-processed, or blown oils fre- 
quently exhibit greater livering tendencies than do oils bodied 
in open kettles, due, no doubt, to their higher content of highly 
polymerized, gel-forming molecules. 


CHINAWOOD OR TUNG OIL 


Tung oil has become an almost essential raw material in the 
manufacture of certain types of printing inks and printing ink 
specialties. It is a very rapid drier and is the most water-resist- 
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ant and alkali-resistant of all the vegetable drying oils. When 
properly heat-treated, it dries to a tough, flexible film having 
high gloss, for which reasons it is used extensively in the pro- 
duction of gloss overprint and metallic ink varnishes. 

Tung oil has been well known in the United States only 
since the turn of the twentieth century, and its successful in- 
troduction dates from the time when the natural fossil gums 
such as kauri and copal, imported from Africa, New Zealand 
and other remote points, were becoming scarce and compara- 
tively expensive. It was found that by combining tung oil with 
ordinary rosin, it was possible to prepare varnishes which 
were, for most purposes, more satisfactory than the high-grade 
varnishes formerly produced only by combinations of expen- 
sive fossil gums and linseed oil. Its use later made possible 
the development of the so-called “four-hour drying” varnishes 
and enamels. 

Tung oil, or chinawood oil, as it is frequently called, is ob- 
tained by pressing the seeds of the fruit of Aleurites Fordii or 
Aleurites Cordata, a tree which grows wild on the hillsides in 
China and in a few places in Japan. The oil is also known as 
“wood oil,” a popular contraction of chinawood oil. The fruit 
is in the form of large, thick-shelled nuts, each containing 
from three to five pulpy segments or seeds. The seeds contain 
between thirty and forty per cent of oil, which is extracted by 
roasting the whole nuts to break open the wood-like shells 
and soften the seeds, which are then ground to a fairly fine 
meal and pressed, either in primitive wooden presses, or, more 
frequently of late, in modern, steel hydraulic presses. The 
freshly pressed oil is then strained or filtered. 

The chemical composition of tung oil differs widely from 
that of linseed and most other drying oils, in that it consists 
almost entirely of the glycerides of eleostearic acid, together 
with a small proportion of the glycerides of oleic and stearic 
acids. Eleostearic acid is triply unsaturated, which accounts 
for the unusual drying properties of the oil. The double bonds 
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are in the very reactive conjugated position, which means that 
they alternate with single bonds, as the structural formula of 
eleostearic acid will illustrate: 


CH;(CH,);CH = CHCH = CHCH =CH(CH,);COOH 


This conjugated system of double bonds is very susceptible to 
polymerization and explains the rapid bodying and great ac- 
tivity of the oil with phenolic, maleic and other types of syn- 
thetic resins. 

Raw tung oil has a peculiar, characteristic odor suggestive 
of ham. The raw oil dries to a wrinkled, soft, lusterless film, 
but when properly heat-treated, it dries to a glossy film that 
is exceptionally water and alkali resistant. The raw oil, which 
is much more viscous than raw linseed oil, may be brought 
to a very heavy consistency by careful cooking. The thermal 
treatment of tung oil must be conducted in a somewhat dif- 
ferent manner from that of linseed oil, since if the oil is heated 
alone to a temperature of much over 500 degrees Fahrenheit 
for any appreciable time, it is likely to gel and polymerize into 
a solid, sponge-like mass. The gelatinization may be retarded, 
or prevented altogether, by cooking the oil with varying per- 
centages of linseed oil, glycerine or rosin. Tung oil must be 
cooked to a temperature between 550 and 590 degrees to “gas- 
proof” it, ie., to insure that it will dry to a glossy, wrinkle-free 
film. Tung oil which has not been “gas-proofed” dries with a 
very wrinkled, or crackled, finish if exposed to the gases given 
off by burning illuminating gas, oil or other combustible mat- 
ter. This phenomenon is employed to advantage in the manu- 
facture of wrinkle or crackle finishes for use on metal objects. 
Tung oil should gelatinize in from five to seven-and-a-half 
minutes when heated in an evaporating dish to 540 degrees 
Fahrenheit. This offers an easy method of testing the purity 
of tung oil, as the presence of any other oil (with the excep- 
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tion of oiticica oil) will either inhibit or retard appreciably the 
gelatinization. 

In an endeavor to create a domestic supply, tung trees were 
planted in certain sections of Florida and other Gulf Coast 
states some thirty to forty years ago, and have been produc- 
ing increasing amounts of oil. American tung oil is superior to 
the imported product in respect to color, clarity, drying prop- 
erties, freedom from uncombined fatty acids, and uniformity. 
Unfortunately, the amount of oil produced in the United 
States is still far from sufficient to supply any substantial por- 
tion of our requirements. Large plantings have also been 
undertaken in the Argentine, Australia and other Pacific coun- 
tries, however. All these combined have made us virtually in- 
dependent of oriental supplies. 


SOYBEAN OIL. 


Soybean oil is used to a fairly large extent in the paint and 
varnish industries and also as an occasional replacement for 
linseed oil in printing ink vehicles. Probably its most impor- 
tant use is in the preparation of pale-colored alkyd resins, 
which are being used to replace linseed oil varnishes in metal 
decorating and food-wrapper inks. It is obtained from the 
seeds of several varieties of Soja hispida, a low, bushy plant 
indigenous to China, Manchuria and Japan. Extensive plant- 
ings have been made in the United States and we are now 
independent of foreign sources for this material. 

The raw oil is amber in color and possesses a slightly nause- 
ous odor. Alkali-refining of the oil yields a light-colored prod- 
uct having almost no odor. Soybean oil has an iodine value of 
about 125, which places it in the category of a slow-drying oil. 
It dries considerably more slowly than does linseed, and the 
dried film feels somewhat greasy. It may be bodied by heat, 
or combined heat and blowing, in a manner similar to linseed 
oil, and the bodied oil makes a satisfactory vehicle in some 
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types of inks, where retention of flexibility and freedom from 
after-yellowing are important. The bodied oil is almost en- 
tirely non-livering, even with sensitive pigments such as pea- 
cock blue and yellow lake. Its somewhat greasy properties 
prevent its use in plate and engraving inks, and, for similar 
reasons, it is not recommended for use in offset and litho- 


graphic inks. 
OITICICA OIL 


Oiticica oil, almost unknown in the United States before 
1935, has become an important raw material in the manufac- 
ture of printing inks, paints, varnishes and coatings. It comes 
from the seeds of Licania rigida, a tall tree that is found in 
large numbers in the northeastern part of Brazil. The oil, when 
freshly pressed or expelled, is fluid, but on standing for several 
days it becomes turbid and turns into a buttery solid. Holding 
the oil at a temperature of 270 degrees centigrade for a short 
time produces a permanently liquid product. 

Liquid oiticica oil resembles tung oil in a number of ways. 
The raw oil dries to a flat, wrinkled film similar to that formed 
by raw tung oil. It bodies rapidly under heat, and when held 
at 540 degrees Fahrenheit for from 9.5 to 12.5 minutes, it 
forms a solid gel. Oiticica oil consists, chemically, of about 
eighty per cent glyceride of licanic acid, six per cent glyceride 
of oleic acid and ten to fourteen per cent of the glycerides of 
saturated acids such as stearic and palmitic. Licanic acid is the 
drying constituent and is a triply unsaturated ketonic acid, 
resembling, in some respects, the eleostearic acid of tung oil. 
Bodied oiticica oil dries to a glossy, hard film, that is apt to 
become quite brittle upon aging. The brittleness may be over- 
come by blending the oil with more flexible oils, such as de- 
hydrated castor oil, fish oil, soybean oil or linseed oil. 

Oiticica oil finds considerable application in the prepara- 
tion of vehicles for soap-wrapper inks, parchment paper inks, 
and inks for printing on metal foils, plastics and cellophane. 
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It is also used to some extent in gloss overprint and metallic 
ink vehicles. 


OTHER VEGETABLE DRYING OILS 


Safflower, perilla, hempseed, sunflower seed, tobacco seed, 
walnut, pilchard and candlenut oils are other members of the 
family of vegetable drying oils. With the exceptions of saf- 
flower and perilla oils, none of them is being used in any com- 
mercially important quantity in the manufacture of printing 
inks. This is due either to their relative unavailability, high 
cost, or the possession of some undesirable odor or other dis- 
advantageous property. Safflower and perilla, when available, 
are used to some extent in combination with synthetic resins; 
while sunflower and pilchard are becoming cheaper and more 
available and may, in time, find limited use. Poppyseed oil is 
used in the manufacture of fine artist’s colors; while hemp- 
seed oil finds some use in the preparation of special paints and 
surface-coating varnishes. 


VEGETABLE SEMI-DRYING OILS 


The vegetable semi-drying oils are not used to any extent 
in the manufacture of printing inks. Chemically, they differ 
from the drying oils by the presence of only a small percentage 
of the glyceride of linolenic acid, and from the vegetable non- 
drying oils by the fact that they contain appreciable per- 
centages of the glyceride of linoleic acid. As a class, the vege- 
table semi-drying oils possess very little color, taste and odor, 
for which reason they find widespread use as edible oils, espe- 
cially when they are hydrogenated to solid fats. When the 
oils are exposed to the air in thin films over long periods of 
time, they undergo oxidation and become gummy, but do not 
exhibit the marked drying tendencies of the true drying oils. 
Cottonseed oil, rapeseed oil and corn oil are the members of 
this group that are used occasionally by the ink maker to re- 
duce the consistency and drying rate of certain types of inks. 
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VEGETABLE NON-DRYING OILS 


This group contains a rather large number of oils which are 
generally obtained from seeds by expression. The majority of 
them are nearly colorless and possess very little color or taste. 
As a rule, they are much more viscous than either the vege- 
table drying or semi-drying oils. They are characterized by 
relatively low iodine values and do not become gummy nor 
dry no matter how long they may be exposed to the air at 
ordinary temperatures; however, they all thicken somewhat 
upon prolonged heating. For obvious reasons, none of these 
oils finds much application in the manufacture of printing 
inks. Peanut oil, olive oil and castor oil are the most important 
members of this group. Castor oil stands in an intermediate 
position between the semi-drying and non-drying oils. It is 
the only member of the group that holds much interest to the 
ink maker, being used occasionally in non-drying carbon trans- 
fer inks, mimeograph inks and imitation water-mark com- 
pounds. However, castor oil has been found to possess a 
unique and valuable property in that by suitable chemical 
treatment it may be converted into a valuable drying oil. This 
treatment is essentially one of dehydration, and the product is 
known as dehydrated castor oil. 

Dehydrated castor oil possesses a light color and an unusu- 
ally mild odor. It is intermediate between linseed and tung 
oils in drying speed. The dried film is characterized by excep- 
tional flexibility, adhesion and color retention, even after bak- 
ing or exposure to light. It also possesses good alkali, acid 
and water resistance, although not as good as either tung or 
oiticica oils. The oil wets pigments readily and exhibits almost 
no reactivity, or livering, with either basic or colloidal pig- 
- ments, such as zinc oxide or peacock blue. Dehydrated castor 
oil is found in increasing quantities in inks for printing food 
wrappers, because of its almost complete lack of residual odor. 
It is also replacing tung oil to some extent in the manufacture 
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of gloss overprint, metallic ink and non-scratch varnishes and 
in gloss ink vehicles. It is also of value in the formulation of 
vehicles for offset, lithographic and metal decorating inks. 


RE-ESTERIFIED FATTY ACID OILS 


The chemical and physical properties of fats and oils are 
dependent upon three factors, i.e., the kind of fatty acids pres- 
ent in the oil, the percentages of each of the fatty acids, and 
the manner in which these acids are combined with the glyc- 
eryl radicles to form the actual oil molecules. 

The drying power of an oil depends largely upon the degree 
of unsaturation of the fatty acids present in the glyceride 
molecules, as well as upon the percentage of unsaturated acids 
present. Semi-drying oils contain lower percentages of un- 
saturated fatty acid glycerides than do the true drying oils. 
It is obvious that if some method were devised to remove the 
saturated fatty acid glycerides from semi-drying oils, leaving 
only the unsaturated fatty acid glycerides, the drying power 
of the oils would be improved tremendously. While no method 
has been found to achieve this result directly on the oils them- 
selves, due to the fact that the saturated and unsaturated 
fatty acids are often combined in the same molecule, it has 
been found possible to accomplish the same result by an 
indirect method. 


ALKYD OILS 


Oxidizing alkyd oils, formed by deep-seated chemical reac- 
tions between phthalic anhydride, glycerine and drying oils, 
or drying oil fatty acids, were first described by R. H. Kienle 
and C. S. Ferguson in 1929, These products dry faster than 
ordinary oil varnishes, and the dried films are characterized by 
their exceptional adhesion, toughness and flexibility. In gen- 
eral, these materials consist of drying oil fatty acid radicles 
affixed to an alkyd framework in such a manner that large, 
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three-dimensional molecules are formed. These large mole- 
cules are responsible for the gloss, hardness and toughness of 
the dried films. Less oxygen is required ordinarily to dry films 
of alkyd oils than is required to dry films of natural oils or 
lithographic varnish, and, for this reason, inks containing 
alkyd oils dry well even under adverse conditions. They are 
also relatively non-reactive with sensitive or basic pigments 
and are finding wide acceptance by ink makers in the manu- 
facture of inks for printing on metal foils, celluloid, cello- 
phane, and kindred so-called “difficult” surfaces. They are 
also being used in increasing amounts in the manufacture of 
offset metal decorating inks. 


RESIN SOLUTIONS 


The use of solutions of synthetic resins in organic solvents 
as vehicles for inks is gaining rapidly in importance and appli- 
cation, The number of different resins and solvents which may 
be combined to produce ink vehicles is almost limitless and 
the choice of ingredients depends upon the kind of printing 
process to be used; the speed of drying required; gloss, hard- 
ness and adhesion requirements; economic factors; and the 
nature of the surface to be printed upon. Early rotogravure 
inks were based on a vehicle which consisted of a solution of 
Gilsonite in toluol or xylol; early gloss inks for carton printing 
were based on a vehicle composed of damar gum dissolved 
in turpentine; while early aniline inks comprised a solution of 
shellac in alcohol, in which various dye-stuffs were dissolved 
to impart the desired color. 

From these beginnings, the use of ink vehicles comprised of 
solutions of synthetic resins in solvents expanded rapidly. 
Fast-setting publication inks were developed which consisted 
of pigmented solutions of hard synthetic resins dissolved in 
mineral oils; from this, the step to heat-set inks was logical, 
and these inks comprised pigmented solutions of zinc resinate 
and harder synthetic resins dissolved in narrow-boiling petro- 
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leum solvent fractions. Steam-set inks are based on a vehicle 
consisting of zein and high-acid-number maleic or fumaric 
resins, etc., dissolved in mixtures of various glycols. 

Lately, solutions of vinyl resins, allyl starch and allyl su- 
crose, and other new resins, are being used with marked suc- 
cess in the formulation of inks for printing on plastics, cello- 
phane, foils, and other more-or-less impermeable surfaces. 
Additional information concerning these new developments 
may be found in later chapters of this book that discuss the 
various inks in greater detail. 


FISH OILS 


The only types of fish oil that possess much value for use 
in printing inks are refined menhaden oil and refined sardine 
oil. These are obtained from the fish by partial cooking fol- 
lowed by hydraulic pressing. The mixture of oil and water 
that comes from the presses is run into a series of settling tanks 
where the oil rises to the top and is separated. It is then 
further purified by heating to remove water, alkali-refining, 
bleaching and filtering. These oils may be bodied by heating 
or combined heating and blowing, much like linseed oil. The 
oil dries quite rapidly, but is apt to retain a slightly tacky 
surface for long periods of time. Recently, fish oils have been 
combined with dicyclopentadiene and other polymerizable 
materials to yield rapid-drying, tough, tack-free varnishes that 
are suitable as vehicles for a wide variety of printing inks. 


ROSIN OILS 


The rosin oils comprise a group of products that are of con- 
siderable importance in the manufacture of printing inks. They 
are obtained from ordinary rosin by destructive distillation 
and should not be confused with the blended rosin varnishes 
which are solutions of solid rosin in either mineral or rosin 
oils. The dry distillation of gum rosin yields from three to five 
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per cent of a light fraction known as rosin spirit, or “pinolene,” 
and about eighty-five per cent of rosin oil. Rosin oil is a dark, 
viscous, fluorescent liquid possessing a rather strong, charac- 
teristic odor. It is used quite extensively in the formulation of 
black inks for book and publication work, where its good 
working properties make it a desirable ingredient. 


PITCH VARNISHES 


Many types of pitch varnishes are used by the ink maker for 
the manufacture of black printing inks. Pitches are bituminous 
substances of complex chemical composition and but little is 
known of their actual structure. The pitch varnishes used in 
printing inks are generally mixtures of natural or petroleum 
asphalts and stearine or cottonseed pitches, thinned to work- 
able consistencies with mineral oils. They impart great length 
and flow to black inks and, because of their dark color and 
high carbon content, make it possible to use less black pigment 
in the inks and still retain good depth of color. However, extra 
blue or purple toner must be added to the inks to overcome 
the brownish undertone of the pitch varnish. 

Natural asphalts are found in many places. There is an enor- 
mous asphalt lake, known as “Pitch Lake,” on the island of 
Trinidad, and other deposits are located in Utah and Mexico. 
These deposits range in hardness from the hard, solid, Gra- 
hamite to the soft Gilsonites. All are soluble in coal tar sol- 
vents, such as toluol and xylol; while the softer varieties are 
soluble in mineral oils. Petroleum and coal tar asphalts are 
similar to the natural asphalts in most respects, although gen- 
erally they are somewhat softer and greasier in nature and 
exhibit a greater tendency to strike through paper. Cottonseed 

and stearine pitches are made by the partial destructive distil- 
lation of the residue remaining from the alkali-refining of cot- 
tonseed oil and animal fats. They are used in conjunction with 
asphalt pitches to impart greater flow and mineral oil solu- 


bility. 
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MINERAL OILS 


The mineral oils obtained by the distillation of petroleum 
comprise a large group of important ink making oils. They 
are characterized by their extreme inertness towards alkalies 
acids, driers, etc., and may be used without danger of adhe 
action with other oils or with sensitive pigments. 

There are many petroleum products of direct interest to 
the ink maker and which are used by him in the formulation 
of a great many different kinds of inks and ink specialties. The 
lighter and more volatile of the oils, such as petroleum ether 
special gasoline fractions, naphtha, and substitute turpentine, 
are used in the manufacture of rotogravure inks, and other 
places where a volatile thinner is required. Kerosene, special 
narrow-boiling petroleum fractions, and so-called light oils 
are used in the formulation of heat-set and rapid-set inks i 
well as in overprint varnishes and special driers. Paraffin oil 
and the lighter machine oils are used frequently to replace a 
portion of the linseed oil in fast-running rotary and cylinder 
press inks, especially those designed for publication work. The 
oils may be used either by themselves or combined with rosin 
in the form of a varnish. Wood rosin is somewhat more desir- 
able than gum rosin from this standpoint, since it exhibits less 
tendency to crystallize, or precipitate from solution in the oil. 

The heavy-bodied mineral oils, either by themselves or in 
combination with rosin, are very important ink making mate- 

rials. They possess fairly good working properties and impart 
rapid setting qualities to the inks in which they are used. It 
must be borne in mind, however, that these oils dry only by 
absorption into the stock and, if used in inks that are to print 
on anything but the most absorptive paper stocks, they must 
be combined with a percentage of drying oil to insure even- 
tual drying of the ink. The exact amount of drying oil to be 
added is governed, naturally, by the type of ink and the 
stock on which it is to be printed. Fairly large percentages of 
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drier must also be used in these inks to offset the non-drying 
tendencies of the mineral oil. Mineral oils have the disadvan- 
tage of tending to strike through the paper, causing greasy 
stains on the side opposite the printing, and hence are not 
used in any large percentage in the better grades of inks, espe- 
cially when they are to be used on thin papers. 

The solid petroleum products, paraffin wax, micro-crystal- 
line wax and petrolatum, have properties that make them of 
considerable value in ink formulation. The addition of a few 
per cent of solid wax to inks will frequently eliminate, or re- 
duce, offsetting; impart slip and scuff-resistance; and keep the 
ink from penetrating rapidly into the surface of the stock. 


Chapter 9 


DRIERS AND DRYING 


O™ OF THE most important requirements of an ink is that 
it will dry properly on the stock to which it is applied, but 
will not dry so fast as to introduce difficulty in application. 
An understanding of the principles of drying, and a knowl- 
edge of the action of various types of driers, is of great value 
in the day-to-day operation of a pressroom, and the elimina- 
tion of drying difficulties. The following discussion is aimed 
at furnishing this information. 

Printing inks dry, or change from the fluid to the solid state, 
in one or more of six ways. These are, in the order of their 
importance: 


1. By oxidation of the vehicle. 

Inks that are based on a vehicle consisting essentially 
of linseed, or other drying oil, dry principally by oxida- 
tion. The oxidation reaction is enhanced, or accelerated, 
by adding to the inks the metallic soaps of such metals as 
cobalt, manganese and lead. These serve as oxidation 
catalysts, or accelerators, and are commonly called driers. 
Examples of inks that dry principally by oxidation are 
bond and ledger inks, job press inks, most offset and 
lithographic inks, and the inks ordinarily used by most 
typographic printers. Present concepts of drier action 
picture the drier as temporarily combining with atmos- 
pheric oxygen, before the oxygen is passed on to the oil 
for vehicle oxidation. 
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2. By penetration into the printed surface. 


DRYING BY OXYGEN ABSORPTION . Drying by penetration occurs when thin-bodied inks 
are printed on absorbent stocks. When an ink dries by 
this method, two distinct phenomena are usually in- 
volved, one being penetration of the ink between the 
Bars Represent * paper fibers or interstices of the paper by capillary at- 
ee ee traction, the other the absorption of the vehicle of the 
ink by the fibers themselves. Generally, capillary move- 
ment of the ink into the paper is not accompanied by 
separation of the pigment and vehicle comprising the 
ink, whereas absorption by the fibers themselves involves 
separation, since the fibers can absorb only the vehicle. 
The thinner or more fluid the ink, the greater is both 
capillary penetration and absorption. Excessive capillary 
penetration causes the ink to “strike through” the paper, 
whereas too much absorption causes it to “show through” 
by rendering the fibers translucent. News inks are typi- 
cal of inks which dry by penetration. 


Oxygen Molecules 


8. By evaporation of the volatile portions of the vehicle. 


All inks which are formulated around vehicles consist- 
ing of solutions of resins in volatile solvents, dry by 
evaporation. In rotogravure and aniline printing the 
solvents evaporate at room temperature (ordinarily), 
whereas in the so-called “heat-set” or “flash-dry” inks, 
Dots Represent : heat is employed to drive off the solvents. Actual burn- 
ee te . sore 08s ing of the solvents also may take place. In both types of 

paee - } inks, resins of high melting points are desirable, since 
they introduce less chance of the printed sheets sticking 
together in the rolls or piles. Solvents must be selected 
which have suitable boiling ranges for the process in- 
volved. Evaporative inks, such as rotogravure and ani- 
line, are increasing in use and importance. 
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4. By polymerization of the vehicle. 


. By gelation of the vehicle. 


*U, S, Patent No, 2,208,587, Eugene Kienle, July 28, 1940. 


a 


Much research and development work has been di- 
rected toward producing inks which will dry rapidly 
by polymerization of the vehicle. By polymerization is 
meant the combining of small molecules into larger, more 
complex, molecules; the molecular weight of which is 
usually a multiple of that of the smaller molecules. When 
the simple, or small molecules comprise a fluid, polym- 
erization generally results in a solid. Polymerization may 
be brought about by heat, or by the influence of cata- 
lysts. Polyvinyl acetylene, urea formaldehyde resins, 
melamine resins, and chinawood oil are examples of sub- 
stances which dry essentially by polymerization. Inks 
formulated with chinawood oil vehicles may be dried 
rapidly by subjecting the wet ink to the vapors of stannic 
tetrachloride.* This is a true polymerization reaction. 





This mode of drying is based on the fact that vehicles 
which are in a state of suspended gelation will form a 
solid gel instantly, if exposed in thin layers to the com- 
bined action of oxygen and reactive pigments, or other 
substances. Such unstable vehicles can be produced by 
dissolving in a slightly polymerized linseed or china- 
wood oil, a highly bodied linseed oil, which has been 
cooked until it is close to the gelatinization point. An- 
other method, according to Krumbhaar, is to disperse in 
a suitable solvent mixture a phthalic resin, having a 
marked gel structure. These vehicles may be combined 
with inert pigments, yielding inks which are stable in 
the can and which will not gel on the rollers of the press. 
They will, however, gel instantly when printed on paper 
which is coated with a reactive pigment such as zinc ox- 
ide, or that contains a catalyst such as benzoyl peroxide. 
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DRYING BY PRECIPITATION 
Steam or x Water Spray 
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Another group of vehicles falling in this category are 
the modified phenolic resins which are dispersed in lin- 
seed or other oils at low heat so that the resin “kicks out” 
or gels when part of the oil is absorbed by the paper be- 
ing printed. The so-called “Wink-Dri,” F. G. Okie, Inc., 
Philadelphia (trademark copyrighted), or instant-set 
inks are based on this principle. The vehicle of these 
inks consists of a mixture of cyclized rubber, waxes and 
hard synthetic resins dissolved in a high-boiling hydro- 
carbon solvent. The inks remain moist on the press, but 
as soon as they are impressed on an absorbent surface 
(such as coated paper), a part of the solvent is absorbed 
and the reminder of the vehicle sets to a gel on the sur- 
face of the paper. 

6. By solidification of ink upon contacting a cool surface. 

This is a novel method of drying and is based on the 
use of solid, easily melted inks. The inks are used on 
presses, the fountains, metal rollers and plates of which 
are heated above the melting point of the ink. Upon 
coming in contact with the relatively cool surface of the 
stock being printed, the inks solidify or dry instantly. 
The advantage in this method of drying is that penetra- 
tion of the ink into the stock is eliminated with the 
result that low-grade papers may be printed without 
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having the ink either “show through” or “strike through” 
the stock. (This drying method had a brief commercial 
trial in printing a New York newspaper which later sus- 
pended publication. So far as the author knows, this was 
the only extensive commercial application. ) 

7. By precipitation. 

This method of drying depends upon spraying the 
freshly printed surface with some substance that causes 
the binder in the ink to become insoluble and precipitate 
out of solution, setting and binding pigment particles to 
the paper, or other surface. Steam or moisture-set inks are 
the outstanding examples of inks that dry by this method. 
These inks contain a water-insoluble binder dissolved in a 
water-miscible solvent, like ethylene glycol. When the 
freshly printed ink is subjected to steam, or a fine mist of 
water, the binder precipitates from solution in the glycol 
and causes the ink to set rapidly. 


As is well known, driers are effective only when used in 
inks which contain oxidizable oils or vehicles which are capa- 
ble of forming films by oxidation. True, driers are sometimes 
added to inks which contain little or no drying oil. Here, the 
driers may impart some slight drying action due to their own 
film-forming properties. 

There have been many theories advanced to explain what 
happens when an oil dries. The earliest of these theories as- 
sumed that drying was purely a chemical reaction. It was 
thought that the liquid glycerides of the unsaturated fatty 
acids contained in drying oils merely absorbed oxygen from 
the air, and in becoming saturated changed from the liquid to 
the solid state. This explanation was disproved by the fact that 
when an oil dries it changes from the liquid to the solid state, 
or skins, quite suddenly, as contrasted with the gradual drying 
action involved in the proposed theory. Another explanation 
of drying was contained in the auto-oxidation theory, which 
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assumed that the oil first combined with oxygen to form a 
sort of peroxide and that these peroxides, in turn, changed 
into solid oxynic acids. A third theory assumes that drying is 
a double reaction of auto-oxidation and polymerization. 

Following the above purely chemical explanations of what 
happens when an oil dries, Auer suggested a new theory based 
on colloidal phenomena. According to his theory, fresh linseed 
and other drying oils are essentially colloidal solutions and 
under certain circumstances will solidify, or gel, to solid films. 
He assumed that any gas which will be absorbed by a drying 
oil will solidify it and, therefore, that not only oxygen but any 
other gas will turn a drying oil into a solid film. This theory 
could not be verified, as efforts to dry linseed oil by gases other 
than oxygen failed. 

The latest and most accepted definition of drying, and one 
which is supported by laboratory experiments, explains the 
drying of linseed and other oils as both a chemical and col- 
loidal reaction. According to this theory, drying oils combine 
with oxygen through auto-oxidation to form peroxides, which 
change the fatty acids into oxynic acids. This period during 
which oxygen is absorbed, before actual drying commences, 
is known as the “induction period.” When the right balance 
of oxynic acids is produced, coagulation takes place quite sud- 
denly, and the colloidal film is formed. Further coagulation, 
followed by, or in conjunction with, condensation, results in 
hardening of the colloidal film. 

It has been known for many years that the addition of a 
small percentage of the salts of certain metals to drying oils 
increases their normal rate of drying. For instance, an oil that 
would ordinarily take several days to dry when spread out in 
a thin layer on glass, can, by the addition of as little as one per 
cent of a drier, be made to dry to touch in several hours. For- 
merly the salts of many metals such as iron, aluminum, lead, 
manganese, copper, cobalt, zinc, etc., were thought to impart 
this drying action. Subsequent investigation has proved that 
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the only metallic salts having this property, to any considera- 
ble degree, are those of lead, manganese and cobalt. Today, 
practically all driers are formulated from the salts of one or 
more of these three metals. The organic salts of the metals 
cerium and vanadium could also be included in this list, as 
they are somewhat better driers than the corresponding lead 
salts; but their high cost, tendency to discolor on drying, and 
other defects have precluded their practical use. 

Another metallo-organic drying agent is hemin, the active 
ingredient of blood. Investigation of this compound, which is 
primarily an organic iron complex, was directed by W. C. 
Walker,* National Printing Ink Research Institute at Lehigh 
University. Although found to be.an excellent drier, and not 
subject to loss on aging, hemin has been too high priced for 
commercial use as it costs in the neighborhood of $1100 per 
pound. 

The action of metallic salts in accelerating the drying of 
oils is not clearly understood. Since so small a percentage of 
drier is required to promote the action, and since the metal 
salts remain practically unchanged by the drying of the oil, it 
is presumed that their action is almost entirely one of cataly- 
sis, or that they act merely as oxygen carriers to the oil. This 
is borne out by the fact that those metals which are of them- 
selves capable of forming a great many complex oxygen com- 
pounds have been found to be the best catalysts for the 
drying of oils. However, not all metals which form more than 
one oxide act as driers. For instance, copper, which forms cu- 
pric and cuprous oxides, retards rather than accelerates the 
drying of oils. A further condition is, therefore, required, and 
it seems to be that only when the lower oxide is more stable 
than the higher oxide does a metal act as a drier. A study of 
all known drying metals shows this to be the case. 

The effectiveness of any drier depends primarily upon its 
degree of dispersion in the oil. Thus, a small percentage of a 


* American Ink Maker, December, 1948. 
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drier that is dispersed completely in oil is more effective than 
a large percentage of the same type of drier that is but little 
dispersed. It has been demonstrated that it is the metal con- 
stituent of a drier that imparts the drying action, and that the 
acid-forming, or organic portion of the drier, serves merely 
as the means for carrying the metal into solution, or disper- 
sion, in the oil. Its nature, other than the effectiveness with 
which it performs these functions, is almost immaterial. In 
other words, equivalent quantities of cobalt linoleate and co- 
balt tungate or resinate, if dispersed equally in an oil, will be 
found to exert practically the same drying action, although the 
different acid radicals will have slightly different effects on 
some of the other properties of the oil, ie., the tungates will 
be somewhat more water-resistant than the linoleates. 

Resinates and linoleates of drying metals are the salts used 
most frequently in the preparation of driers for printing inks. 
Both the resinates and linoleates may be prepared by either 
precipitation or fusion methods. Both methods produce satis- 
factory materials, although the precipitation method is the 
one most generally preferred, as it is claimed that precipitated 
compounds are lighter in color, more uniform, and, being in 
a finely divided form, disperse more readily and are easier to 
incorporate with the other ingredients than the fused com- 
pounds. 

The metallic salts of naphthenic and other specially pre- 
pared organic acids have appeared on the market. These 
compounds have good solubility and stability in the usual oils 
and solvents, and as a result have replaced almost completely 
the older forms of driers. One of the more recent of these new 
types of driers is produced from 2-ethyl-hexanoic acid. Be- 
cause of the relatively low molecular weight of this organic 
acid, driers of high metal content and excellent solubility have 
been prepared. The 2-ethyl-hexanate driers have appeared on 
the market under a yariety of trade names such as octoates, 
hexogens, etc. 
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Each of the three drying metals performs its work in a 
somewhat different manner. Cobalt causes the ink to dry rap- 
idly on the surface, forming a thin skin with the soft ink 
underneath. Manganese compounds start the drying action 
quickly, i.e., have a short induction period, but do not form 
a film as rapidly as cobalt and take much longer to complete 
their work. Lead is the slowest drier of the three, but has the 
advantage of drying the ink uniformly throughout the thick- 
ness of the film. A combination of lead and manganese yields 
faster and better results than either metal used alone. Thus, an 
ink which contains a certain amount of a lead drier might 
take three days to dry; if the same amount of manganese were 
used in place of the lead, the ink would dry in two days, 
whereas if the same amount of a mixture of lead and manga- 
nese were used, the ink would dry hard overnight. As a gen- 
eral rule, we may say that the best ink driers consist of 
mixtures of all three of the drying metals, and that such mix- 
tures will cause the ink to dry uniformly throughout the 
thickness of the film within a reasonable length of time. Lab- 
oratory experiments show the following percentages of the 
three drying metals dissolved in raw linseed oil are approx- 
imately equivalent and cause the oil to dry in about the same 
length of time: 

.250 per cent lead 
.075 per cent manganese 
.025 per cent cobalt 


Although the drier forms but a small percentage of the ink 
by weight, it is nevertheless one of the most important ingre- 
dients. The injudicious use or addition of drier is apt to render 
an otherwise satisfactory ink worthless. This is easily seen 
when it is considered that some inks dry satisfactorily with 
only one-half of one per cent of drier, and that a higher con- 
tent of drier is apt to make them dry so rapidly on the press 


as to render them unfit for use. If a very rapidly drying ink is 
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desirable, it would seem reasonable that an excess of drier 
might provide this property; but actually this is not the case. 
Usually, there is an optimum percentage of drier which will 
produce the maximum drying speed. A higher content of drier 
will not hasten the drying, but on the other hand may even 
retard it. In any event it will tend to weaken the color and 
introduce sticking or other difficulties. 

The proper use of drier demands an intelligent study by the 
inkmaker of the requirements of each particular ink and of 
the relative drying properties of each of the ingredients used 
in the ink. For instance, an ink that is to be used as the first 
color in three or four color process work will require neither 
the same kind nor the same amount of drier that is used in an 
ink designed to be used for a single color job on the same 
stock. Furthermore, an ink that contains a considerable per- 
centage of a pigment like chrome yellow, that is a natural 
drier, will not require nearly as much drier as an ink which 
contains an equal percentage of a slow-drying organic pig- 
ment such as lithol or para red toner. It is essential that the 
inkmaker be advised as to the character of the stock on which 
the ink is to be used, since the stock also has a decided influ- 
ence upon the kind and amount of drier to be added to the 
ink. Some stocks contain but little sizing and readily absorb 
ink, whereas other stocks that are hard-sized, hard-calendered, 
or both, absorb but little ink; the ink must, therefore, be made 
to dry hard on the surface of the stock. Most of the stock in 
use today falls between these two classes, that is, the ink is 
partially absorbed. , 

Drier compounds are classified as pastes or liquids. The 
latter are further divided into the various types of japan driers, 
the so-called “concentrated driers,” and the cobalt driers. 


PASTE DRIERS 


The paste drier is the type used most generally in colored 
inks and tints, and particularly in those inks designed for three 
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and four color process work. It tends neither to form a rapid 
surface film nor to dry rapidly into the stock, but rather to 
dry slowly and uniformly throughout the thickness of the 
film. Upon drying, it forms a “mellow” film that presents a 
satisfactory surface for the reception of subsequent colors. For 
this reason, inkmakers have found it to be the most universally 
satisfactory drier for use in process inks, particularly in the 
underlying colors. 

Inks containing from one-half to one ounce of drier per 
pound of ink have been found to give satisfactory drying 
results. However, inks that contain naturally drying pigments 
such as iron blue, chrome yellow, molybdate orange, etc., may 
include even lesser amounts of drier, while inks that contain 
considerable quantities of slow-drying organic pigments such 
as methy] violet, Persian orange, the phosphotungstated ton- 
ers, etc., may require higher amounts. 


JAPAN DRIERS 


The liquid japan driers are often used in the softer varieties 
of black inks. The so-called “white japan driers” are used 
occasionally in colored inks. Japan drier acts as both a reducer 
and a drier and functions through a combination of oxidation, 
penetration and evaporation. For this reason, inks which con- 
tain considerable quantities of it are apt to become more vis- 
cous and show gumming tendencies if left exposed to the air 
for any considerable length of time, as in the ink-fountain 
of a slow-moving press. This tendency to thicken is due mainly 


to the evaporation of the volatile constituents of the drier. Inks 


containing japan drier in combination with paste drier, present 
a satisfactory media for use in the underlying colors in process 
work. Because of improved trapping properties when such ink 
is used on semi-absorbent stocks, it dries to a soft, mellow 
finish that is particularly well adapted to the reception of suc- 
ceeding colors. In general, however, there is a growing feeling 
among ink makers (at least in America) that practically any 
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form of film may be obtained with a proper combination of 
paste and cobalt driers, and that japan drier is both unneces- 
sary and undesirable. 


CONCENTRATED OR OIL DRIERS 


The so-called concentrated or oil driers consist of rather 
concentrated solutions of the linoleates, resinates or borates 
of lead and manganese dissolved in linseed or other oils, either 
with or without the addition of resins or rosin. The resin im- 
parts hardness and toughness to the dried film, as well as con- 
siderable gloss. These driers are used frequently in the better 
grades of halftone, offset and illustration blacks to add luster 
and life to the inks. 


COBALT DRIERS 


The various organic salts of cobalt are the most powerful 
driers known at the present time. They are between five and 
ten times more effective than the corresponding lead or man- 
ganese compounds and form the basis for practically all the 
driers that are offered for speedy drying. Inkmakers have 
found that cobalt is the best drier to use in halftone blacks, 
glassine and cellophane inks (whenever the color of the ink 
will permit), and in all dark colored inks designed for use on 
carton, corrugated and fiber-board stocks. Because of its blu- 
ish-purple color, and because such a small amount is required 
for good drying results, it is often used also in white inks, in 
place of the usual paste driers. Cobalt will dry an ink not only 
more quickly than either paste or japan drier, but more effec- 
tively, and will generally leave more life and luster in the ink. 
It is also the best drier to use in rub-proof and scratch-proof 
inks, as it dries to a hard, homogeneous film that resists wear 
and abrasion to an unusual degree. 

Since cobalt driers are so powerful, they must be used with 
great care, if satisfactory results are to be expected. An excess 
is certain to cause trouble in the pressroom, and may spoil the 
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ink altogether. Inks containing cobalt driers should never be 
used as underlying colors for multi-color process work, since 
their rapid surface drying results in a smooth, hard, glossy 
film that is entirely unsuited for receiving the subsequent col- 
ors. In the jargon of the pressroom, the ink is said to have 
“crystallized.” This is really incorrect, as the resulting surface 
is anything but crystalline. 

Printing ink manufacturers, as a rule, add sufficient drier 
to their products to insure that they will dry within a reason- 
able length of time when applied to the paper stocks for which 
they were designed. However, there are a few exceptions to 
this practice, especially among the manufacturers of offset inks, 
who sometimes depend upon the lithographer adding sufficient 
drier for the particular job being run. To eliminate any mis- 
understanding, or the possibility of spoiled jobs, it is advisable 
to check with the ink maker as to the kind and amount of 
drier in each of your inks. It would help considerably if the 
ink manufacturer. would include this information on his labels, 
but there appears to be some resistance, or reticence, by 
most ink manufacturers, to adopting this practice. 

The addition of extra drier to printing and litho inks by 
the printer calls for the exercise of considerable knowledge and 
caution, since the addition of either too much drier, or the 
wrong kind can ruin an otherwise satisfactory ink. The safest 
procedure is to tap out the ink onto a piece of the stock on 
which the job is to be run, mark the time on the tap-out and 
insert it between the pages of a heavy book, to exclude excess 
oxygen. Then, at half-hour intervals, examine the tap-out to 
determine the drying time. If the ink takes too long to dry, con- 
sult the ink maker regarding the kind and amount of drier to 
add to obtain the desired drying time. The addition of too 
much drier is apt to introduce such difficulties as ink drying 
on the press, picking, mottling and, in offset work, scumming, 
tinting and stripping of the ink off the steel or metal rollers of 
the press. 
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However, there are occasions when extra drier is required, 
as when printing “hurry up” jobs, during extra damp or humid 
weather, when the ink is quite old and the drier has “burned 
out,” or when printing on non-absorbent surfaces. In these 
instances, a small amount of drier may be added safely. By 
“small amount” is meant between %-ounce and 1-ounce of drier 
to each pound of ink. More than this will not increase the 
speed of drying, but may actually serve to retard drying and 
will introduce the difficulties enumerated above. In colored 
inks, especially in multi-color printing on paper stocks, use 
nothing but a good lead-manganese paste drier; while for 
black inks, or when printing on non-absorbent stocks, such 
as cellophane, glassine or acetate, a small amount of a good 
cobalt drier may be added. Japan driers, oil driers, or pow- 
dered driers, have no place in the pressroom and should not 
be used. In any event, when adding extra drier, “weigh” the 
amount to be added, mix it into the ink thoroughly, and, if 
time will permit, tap-out the ink and determine the drying 
time and toughness of the film, as suggested above. 

Certain inks, when stored for many months, tend to lose 
their drying properties because the driers, being metallic soaps, 
are adsorbed onto the surface of the pigment particles, and 
are no longer dissolved in the ink vehicle where they are re- 
quired for proper drying action to occur. Carbon black, titan- 
ium dioxide white and certain organic red pigments are espe- 
cially apt to cause such “drier adsorption” and the printer 
should, therefore, be cautious about running inks that contain 
these pigments without first conducting a drying test. 


Chapter 10 


LETTERPRESS INKS 


Tae PRINTING, frequently called relief or letterpress 
printing, includes all the processes of printing from raised. 
characters or plates. It is the oldest and is still the most im- 
portant of the three major methods of printing. More work is 
produced by this process than by either the lithographic or 
intaglio processes, and, as a result, more typographic inks are 
consumed than any other kind. 

The wide diversity in the kinds of work produced by letter- 
press printers has necessitated the design and construction of 
a large number of different sizes and types of printing presses 
with which to handle the work. These presses range all the 
way from the simplest hand-fed platen press to the mammoth, 
double-octuple newspaper press, which is fed from continuous 
rolls or webs of paper and which will print an entire edition 
of a metropolitan newspaper in one operation. Each of these 
various types of printing presses requires an ink which differs 
in some essential characteristics from the inks used on the 
others. For instance, a cylinder press ink must be longer and 
less tacky than a job, or platen, press ink; while a rotary press 
ink must, in turn, be even longer and less tacky than a cylinder 
press ink—all other conditions, such as paper stock and size 
of form, being equal. In general, letterpress inks are classified 
according to the type of press they are designed for, i.e., as 
job press inks, automatic press inks, flat-bed cylinder press 
inks, sheet-fed rotary press inks, web press inks, and so forth. 

Inks must also be designed and classified according to the 
type of paper or other surface on which they are to be applied, 
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The ink for printing newspapers, for example, must be rela- 
tively thin in consistency and dry by penetration and not by 
oxidation, because, while newsprint absorbs ink readily, the 
rapidity with which the paper is handled would allow no time 
for oxidation to take place. At the other extreme are the inks 
designed for printing on bond and ledger stocks. These inks 
must stand up on the surface of the paper and dry principally 
by oxidation. Inks are classified generally, according to the 
stock on which they are to be used, as bond and ledger pa- 
per inks, parchment paper inks, machine-finished paper inks, 
super-calendered paper inks, the various coated paper inks, 
carton stock inks, corrugated paper inks, cover stock inks, glass- 
ine and cellophane inks, and so forth. 

There are many other types of inks which are made for some 
special press, or stock, or printing process, and which do not 
fall into any of the above groups, and must be considered sepa- 
rately. Into this “special” category fall the various types of 
“flash-dry” or heat-set inks, steam-set or vapor-set inks, hot- 
wax inks, “cold-set” inks, metallic inks, high-gloss inks, aniline 
inks and silk screen inks. 

In addition to classifying inks according to the type of press 
and stock on which they will be used, it is also necessary to 
consider the nature and sizes of the forms to be printed. Thus 
an ink that is to be used for printing a fine-screen halftone 
must usually possess somewhat different flow characteristics 
than an ink that is to be used to print a solid form; although 
the reverse of this statement is not necessarily true. Also an 
ink that is to be used on a small type form having little solid 
matter may be made considerably heavier, tackier and some- 
what slower drying than an ink that is to be used on a larger, 
more solid, form. In general, the larger the form, the greater 
will be the flow or volume of ink used, and the less will be its 
tendency to dry up on the press. 

The relief plates used in typographic printing are produced 
generally by the photomechanical engraving process, the fun- 
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damentals of which were discovered by Fox Talbot in Eng- 
land in the last century. This process consists essentially in 
photographing the subject, obtaining a transparent negative 
and then printing this negative photographically onto a sheet 
of copper or zinc which has been covered previously with a 
film of bichromatized gelatin or bichromatized ammoniacal 
solution of shellac (known as “cold-top” enamel). Those por- 
tions of the bichromatized film which were reached by the 
light in the printing operation are rendered insoluble in water, 
while those portions that were protected from the light by the 
dark, opaque portions of the negative remain soluble in water 
and may be washed away. By thus washing off the soluble 
portions of the film and subsequently baking on the remain- 
ing gelatin or shellac to form an acid-resisting coating, and 
then exposing the plate to an etching solution, a relief plate is 
obtained which is a fairly accurate duplicate of the original 
copy and which, after suitable retouching, re-etching, and 
routing, may be used on the printing press. Duplicate plates 
may be made by the electrotype, stereotype, or other process, 
and are used generally in preference to the original plates, 
especially where long press runs are to be made. 

It is obviously impossible to lay down a set of hard and fast 
characteristics or properties for each of the various types of 
inks enumerated, since, naturally, a great many factors other 
than those mentioned must be considered when selecting the 
best ink for each purpose. These less tangible factors include 
the personal preferences or prejudices of the individual press- 
man; the climatic conditions of the pressroom or region in 
which the ink is to be used, price considerations, whether 
transparent or opaque ink is best suited for the particular job, 
and so forth. 


JOB PRESS INKS 


Job press inks are designed to be used on ordinary hand 
or machine-fed platen presses. Such presses are adapted for 
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the printing of all small work such as envelopes, letterheads, 
cards, office forms and other miscellaneous pieces, the forms 
for which contain no large solids or fine halftones requiring a 
very even distribution of the ink. There are a number of makes 
and styles of job presses. The simplest and oldest type is the 
so-called “clam shell” type which is made in several sizes ca- 
pable of handling forms from about 8 by 10 to 12 by 18 inches. 
Larger forms, and those that contain fine-screen halftones, 
large solid tint blocks, etc., which require better distribution 
of ink and a heavier and more uniform impression, are gener- 
ally run on a press of the sliding-platen type. This type of press 
is made in sizes capable of handling forms up to about 14 by 
22 inches. In this type of press, the platen is first brought to 
a position parallel to the form before being pressed against it, 
thus eliminating the slurring action of the clam-shell type 
press. 

Job press inks should possess as heavy a body, i.e., as much 
consistency, as the stock to be printed will permit without 
causing “picking” of the stock or pulling of the sheets out of 
the grippers. The inks should also be as short and buttery as 
consistent with adequate distribution. This combination of 
physical properties insures good, sharp printing. 

The body of these inks should be what is termed a “pigment 
body,” that is the consistency should be obtained by a high 
pigment content rather than by the use of a heavy, highly vis- 
cous vehicle. A good job press ink should be of such con- 
sistency that when an ounce or so of it is agitated with an ink 
knife, or spatula, and then gathered together into a lump on 
a glass slab and cut through with the knife, the sharp edges of 
the cut will flow slowly together again. The ink should have 
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a decided tack when snapped under the finger, the exact 
amount being, of course, dependent upon the size of the form 
being printed and the resistance of the surface of the paper 
stock to being picked. Since job press inks are generally run 
on the harder, less absorbent grades of stock, the drying of 
these inks should be mainly by oxidation and, therefore, the 
vehicle should consist essentially of drying oils. 

Upon receipt of a new lot of ink, and preferably a day or 
two before it is to be used, it is well to check the consistency, 
color and drying properties by tapping a little of the ink onto 
the stock on which it is to be printed and noting the consist- 
ency, color and drying properties. This will eliminate guess- 
work when actual printing operations are undertaken. 


AUTOMATIC PRESS INKS 


The inks for use on automatic presses are similar to job press 
inks except that they must possess considerably greater flow 
and softer consistencies to accommodate the much higher 
speeds developed by these presses. Automatic presses include 
all the small, high-speed, automatically-fed presses, from 
which the group obtains its name. These presses may be of 
the small rotary type, the vertical type or the flat-bed type. 
Manufacturers of automatic presses guarantee press speeds of 
from 2000 to 8000 or more, impressions per hour. This means 
that the duration of the impression of the form against the 
stock is very brief, and if the ink is too tacky there is a chance 
that the surface of the stock will be torn by the quick pull. 
Tearing of the sheets from the grippers, with consequent roll- 
ing up of the stock on the moving parts of the press, is also 
possible if the inks are too tacky. 

A good automatic press ink should follow the fountain roller 
closely, but should not have an oily or greasy nature. After 
being worked up, or agitated to break up any thixotropic con- 
dition, it should just flow slowly from an ink knife when held 
up. The drier should be adjusted to give a fairly rapid drying 
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on the stock, with as slow a skinning time as possible to elimi- 
nate the necessity for frequent wash-ups. For satisfactory re- 
sults, automatic press inks should possess good color strength 
so that just sufficient ink to cover the stock properly will pro- 
duce the desired color. This will prevent mottling and offset- 
ting of the ink and will also hasten its setting and drying. The 
pigments should be well ground or dispersed in the vehicles. 
to prevent filling-in of the small open spaces in the type and 
cuts, and to insure smooth, even distribution and good print- 
ing results. 


FLATBED CYLINDER PRESS INKS 


Flatbed cylinder inks constitute one of the most important 
groups of typographic inks from the commercial viewpoint, 
since a large percentage of all printing is done on presses of 
this type. There are many makes and sizes of flatbed presses 
in use, and, although one type of ink may be designed to give 
fairly satisfactory results on all of them, it has been found that 
the best work is produced when the ink is specifically designed 
for each press and paper stock. The reasons for this are ob- 
vious when we consider the variations in the ink distributing 
systems and the press speeds among the different makes and 
sizes of presses. Inks which are designed for the small, high- 
speed, flat-bed presses must necessarily possess somewhat dif- 
ferent properties from the inks to be used on the larger, slower- 
running presses. 

As ‘a general rule, flat-bed cylinder press inks should have 
somewhat better flow properties and, in most instances, softer 
consistencies than inks designed for use on either job presses 
or automatic presses; and the larger the printing surface, or 
the softer the surface of the stock to be printed, the longer 
and less tacky the inks should be. The viscosity of vehicles 
used in these inks must be adjusted carefully to the grades 
of paper on which they are to be run. While it is permissible 
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to use a percentage of mineral oil or hydrocarbon solvent in 
the formulation of these inks, there must always be sufficient 
drying oil, or resin, in the vehicles so that the inks will dry 
satisfactorily. 

The kind and amount of drier added to these inks by the 
manufacturer depends upon several factors, such as the drying 
tendencies of the pigments used, the percentage of non-drying 
oils in the vehicles, the nature of the stock to be printed, the 
size of the form and whether or not the ink, or inks, are to be 
overprinted with other colors or varnishes. For single color 
work, where the ink is not to be overprinted, and when the 
color is not too sensitive, cobalt drier is used. In delicate col- 
ors, or when the ink is to be overprinted, or when the form is 
very light and open so that not much ink may be carried, paste 
drier is the most desirable. 

It is important that the inks be finely ground and contain 
no abrasive pigments that might tend either to fill-in or wear 
the plates rapidly on long runs. Some of the natural mineral 
pigments and certain types of ultramarine blues are avoided 
in ink formulation because of their abrasive action. Where 
pigments of high specific gravity are used, an adequate 
amount of alumina hydrate, or other good-working, bulky, ex- 
tender pigment is added by the ink manufacturer to impart 
the required distributing and carrying properties; otherwise, 
there is a decided tendency toward caking or piling of the ink 
on the slabs, rollers and forms or the presses. 

Pigments ground in fairly long and viscous vehicles cut with 
sufficient thinner varnishes or oils have been found to have 
the most desirable consistencies. The heavy varnishes serve as 
pigment carriers, while the thinner oils and varnishes are used 
to reduce the tack of the inks. As with all varieties of typo- 
graphic inks, the inks are made both as heavy and as short as 
the grades of stock and the distributing systems of the presses 
will allow, and these factors should be specified when order- 
ing ink. This insures close-laying, sharp, dense effects which 
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permit little chance for offsetting. It is customary to insure 
further against offset by using inks which are as strong as the 
budget and color selected will permit, so that but little ink 
will have to be carried to obtain the right color. A small 
amount of a good wax non-offset compound will be found 
helpful, unless this has been added by the ink maker during 
manufacture. 

There are many types of flat-bed cylinder press inks which 
are designed for special purposes or stocks, such as carton 
inks, wax-paper inks, metallic paper inks, etc., which are con- 
sidered in the latter pages of this chapter. 


ROTARY PRESS INKS 


Where large production and high speeds are essential, ro- 
tary presses are used extensively. These are built in a variety 
of sizes and styles and are adapted to printing large editions 
of single sheets, pamphlets, or entire periodicals, magazines 
or newspapers. The plates or forms used on rotary presses are 
curved to fit the plate cylinder on which they are to be 
mounted, therefore the plates must be made for the particu- 
lar size and type of press on which they are to be used. The 
paper stock may be fed either in single sheets, or from a con- 
tinuous roll or web, depending upon the nature of the work 
being reproduced and the design of the feed mechanism of 
the press. 

Rotary press inks must be somewhat thinner and free- 
flowing than the inks designed for flatbed cylinder presses. 
They should be of such consistency that when agitated thor- 
oughly they will flow smoothly and slowly from the ink knife, 
and when gathered together into a pile on the ink slab they 
will slowly level themselves out by the action of gravity. 
There should be no evidence of unground pigment particles, 
or of grit, in the inks, which would be certain to cause gather- 
ing or piling on the drums, rollers and forms, and result in 
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uneven, mottled, impressions and possible rapid wearing of 
the plates. 

Depending upon the grade of stock and the nature of the 
work to be printed, the inks may contain more or less non- 
drying or semi-drying oils such as rosin oil, mineral oil, rosin 
varnishes, etc., together with sufficient linseed oil varnishes 
to insure satisfactory drying. Inks designed for soft finished, 
absorbent stocks, that permit considerable penetration by the 
ink, may contain a larger proportion of non-drying oils than 
the inks designed for application on the harder-sized, less ab- 
sorbent stocks. Good covering qualities and a fair concentra- 
tion of pigment are also essential for the production of good 
work on any grade of stock. 

The drier combination used in rotary press inks depends 
upon the grade of stock on which the inks are to be used. A 
combination of paste drier (lead and manganese) and cobalt 
gives satisfactory results; and liquid japan drier is sometimes 
used to impart rapid setting qualities. The addition of several 
per cent of a soft, waxy ink compound, or of lime soap grease, 
is advantageous to assist the inks to lay smoothly and set 
quickly. However, it is well to inquire of the ink maker if this 
has been included in his ink formula before adding any more 
at the press. The exact amount of wax compound that may be 
added safely depends upon the grade of stock and the nature 
of the work to be printed. At times, as high as ten per cent of 
cup grease may be added to an ink with satisfactory results, 
while under other conditions, this same amount would pre- 
vent the ink from ever drying properly. Too much grease will 
also cause the press rollers to slip or skid and prevent proper 
distribution of the ink before application. Some ink makers 
recommend the addition of one or two per cent of melted 
paraffin or beeswax to prevent offset and crystallization trou- 
bles. If used, these materials must be added to the inks during 
manufacture and ground thoroughly into the inks to prevent 
them from separating or crystallizing out upon standing. 
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WEB PRESS INKS 


Web presses are generally used for publication printing, 
although large quantities of labels, paper bags and wrapping 
materials are also printed on this type of equipment. Web 
presses take their name from the fact that they print on con- 
tinuous rolls, or webs, of paper or other printing surface. 
Newspaper web presses are generally called “perfecting” 
presses, since they print both sides of the stock or “perfect” 
the job. As with the flatbed and rotary presses, they are built 
in a number of styles and sizes to meet the various conditions 
of required output per hour, number of pages to be printed 
in a single edition, size of form, etc. A newspaper press with 
a capacity of thirty-two pages is commonly referred to as a 
quadruple press, forty-eight pages as a sextuple, sixty-four 
pages as an octuple, and those with double these capacities 
as double quadruple, double sextuple and double octuple. 
They are made to print from curved stereotype plates, al- 
though curved electrotypes or nickeltypes may be used 
advantageously for exceptionally long runs or for color work, 
especially if the presses are to be used for other than news- 
paper printing. 

The inks for use on web presses must of necessity be quite 
fluid, and, as a general rule, the higher the press speed and 
the softer the surface of the paper, the thinner must be the 
consistency of the ink. The proper tack of the ink is dependent 
also upon the press speed and the weight of the stock being 
run, as the ink must have sufficient tack to distribute well, but 
not so much as to pick or tear the fast-moving stock. If the 
consistency of the ink is too thin, or if the cohesion of the ink 
is inadequate, there is the possibility that the ink will “fly” or 
“mist.” This is an old complaint, and one which is generally 
confined to web press inks. It refers to a fine spray or mist of 
the ink being thrown off by fast-moving rollers, and coatin 
everything in the vicinity of the press with a sticky film of ink. 
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The speed of printing of web presses and the high output 
per hour pose quite a problem in designing inks that will dry 
with sufficient rapidity to enable the finished work to be han- 
dled promptly as it comes off the presses. Ordinary letterpress 
inks, made with drying oil vehicles, are usually unsatisfactory, 
since there is insufficient time for oxidation to take place. For 
this reason, web press inks are designed to dry either by ab- 
sorption into the paper stock, or by heat-set, or by steam-set 
methods. Ordinary news and colored comic inks are designed 
to be printed on highly absorbent stocks and to dry almost 
entirely by absorption; while inks for finer grades of publica- 
tion or container work are designed to be dried by passing 
the web through or over heating devices which volatilize the 
solvents in the ink, leaving a substantially dried film of resin 
and pigment on the paper. Of late years, steam-set inks have 
been applied successfully by web presses. These comprise pig- 
ments dispersed in vehicles consisting of water-immiscible 
resins or binders dissolved in water-soluble glycols. When the 
fresh printing is exposed to steam, or to a combination of 
steam and heat, the glycols absorb sufficient moisture to cause 
the resins or binders to precipitate from solution and bind the 
pigments firmly to the paper. The glycol is then absorbed into 
the fibers and prevented from resoftening the ink. 

Web press black inks are made in a variety of consistencies 
or viscosities to accommodate the various types of presses and 
press speeds. Inks designed for use on high speed presses and 
those with “overshot” fountain rollers, or automatic ink feeds, 
are quite fluid and consist almost entirely of mixtures of min- 
eral oils and carbon blacks, with the possible admixture of a 
small percentage of an oil-soluble toner dye like induline base 
to overcome the brownish undertones of the carbon black and 
the mineral oil. In the better grades of web press black inks, 
designed for use on slower speed presses, the vehicle consists 
generally of either gum or wood rosin, dissolved in mineral 
oil. Varying amounts of rosin oil, gilsonite varnish, pitch var- 
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nish or linseed varnish are added also in the formulation of 
these inks. Larger percentages of soluble toner dyes, with the 
possible addition of small amounts of iron blue or alkali blue, 
are used to tone the better grades of web press black inks. As 
the quality is improved and the consistency increased, these 
inks gradually approach the color and general characteristics 
of the rotary press inks. As a matter of fact, for better grades 
of work on the slower-moving web presses, rotary inks may 
be used with entire satisfaction. As the thinner varieties of web 
press inks dry entirely by absorption into the stock, it is sel- 
dom necessary to include drier in their formulas, unless the 
printing is to be done on harder-surfaced, less absorbent stock. 

Numerous experiments indicate that strike-through is a 
function of such factors as the viscosity of the mineral oil used, 
the ratio of mineral oil to pigment, and also the percentage of 
oils other than mineral oil used in the vehicle. The thinner 
the vehicle, the faster the ink will strike-through, although the 
final strike-through will be about the same regardless of the 
viscosity of the oil used. The chemical nature of the oil is an 
important factor in strike-through, since certain naphthenic- 
base oils are especially bad in this respect. Ink manufacturers 
have made comprehensive studies of this phenomenon and 
most of them have standardized on mineral oils which exhibit 
the minimum of strike-through and show-through. 


THE RELATION OF INK TO STOCK 


The selection of the proper ink for each grade or kind of 
stock is of paramount importance in the production of fine 
printing. The finest ink and the best grade of stock on the 
market may be run together with poor results, if the two are 
not designed for each other. The caliper or weight of the stock, 
the hardness or degree of sizing and calendering it has re- 
ceived during manufacture, the color and smoothness of the 
surface, and the nature and pick-resistance of the coating, if 
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any, are all factors which must be considered carefully in the 
selection of the best ink for each stock. 

In general, the ink used should be as concentrated and as 
tacky as the grade of stock and the speed of press will stand, 
without any danger of picking. In this way smooth, strong, 
un-mottled prints may be obtained with a minimum of ink— 
a necessary condition for high-grade, clean, press work and 
freedom from offsetting and sticking. 

In following this rule, it is seen that inks designed for use 
on hard-sized bond and ledger stocks must be quite heavy 
and tacky for best results, while the inks designed for use on 
the softer, beater-sized, super-calendered and machine fin- 
ished stocks should be proportionately and respectively softer 
and less tacky. The inks for use on the various coated stocks 
should be as tackless as is consistent with proper color strength 
and distributing qualities in order to eliminate the possibility 
of having the ink pick the coating off the base stock. Cover 
stocks are made in a wide variety of surfaces and finishes and, 
consequently, different inks should be used to suit each par- 
ticular finish. 

Consideration of the caliper or weight of the stock, and the 
firmness of the surface, is of particular importance in the print- 
ing of large forms, which contain heavy solids. In this case 
the inks should be selected to be increasingly softer, as the 
toughness and weight of the stock decreases and the size of 
the form increases. 

The color of the stock has a marked effect on the color of 
the finished print. A gray or muddy-colored stock will affect 
every color that is printed on it. Opaque inks will, naturally, 
be much less affected than transparent inks, but even opaque 
inks will be more or less darkened or discolored by an off- 
colored stock. Opaque inks are generally specified for applica- 
tion on the various colored cover stocks and on the Kraft, ma- 
nila and chip stocks used in the manufacture of corrugated 
and folding cartons. 
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Uneven or embossed surfaces require short, heavy-bodied 
inks, so that a firm impression may be used to force the ink 
into the hollows of the stock, without having it squeeze out 
and around the edges of the form. To prevent a mottled, un- 
even impression, these inks are made as opaque as possible. 

The nature of the stock must also be taken into considera- 
tion by the ink maker when selecting the most suitable drier 
combination for each ink. Inks designed for use on soft stocks 
will dry partly by absorption into the stock and, therefore, will 
not require as much drier as inks which will be used on hard, 
non-absorptive stocks. Inks for printing on celluloid, cello- 
phane, glassine and other almost totally non-absorptive stocks 
should contain some hard-drying synthetic resin varnish in 
addition to the usual driers, to make them grip the surface 
more firmly, 


BOND AND LEDGER PAPER INKS 


Bond paper, as the name signifies, was originally made for 
the engraving and printing of bonds, stocks and other finan- 
cial certificates, where a dignified, firm-bodied paper was de- 
sired. It is still used for this purpose, but the amount thus 
consumed is small in proportion to that used for letterheads, 
folders, small booklets, etc. Ledger paper is quite similar to 
bond, but generally has a smoother surface. Both stocks are 
hard-sized and calendered to a firm surface. 

The inks for use on bond and ledger stocks should be as 
heavy and tacky as the grade of stock and the type and speed 
of the press will permit. As these inks are used most frequently 
on either job presses or automatic presses, they must conform 
to the distributing mechanisms of these presses. It is well to 
inform the ink manufacturer of the type of press the ink is to 
be used on, as well as furnishing samples of the paper stock 
to be printed. The relatively non-absorptive nature of bond 
and ledger papers makes necessary the use of inks which dry 
principally by oxidation. This indicates the inclusion of a good 
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percentage of either paste or cobalt drier in their formulation, 

These inks are generally formulated around a good, hard- 
drying linseed varnish of fairly heavy consistency, with the 
possible addition of a percentage of heavy gum or resin var- 
nish to impart additional gloss and finish to the work. For best 
results, the inks should be fairly heavy and buttery, with just 
enough flow to enable them to distribute well on the press. 
The addition of a small amount of wax, or wax compound, is 
desirable to improve their working properties when high gloss 
is not essential, but addition of grease, or grease compounds, 
should be avoided. Opaque inks are preferred to transparent 
inks, since variations in the thickness of the film of ink applied 
to the paper will not be as apparent when opaque inks are 
used. 


COATED PAPER INKS 


The various coated stocks are manufactured by brushing a 
mixture of satin white, blanc fixe or clay, suspended in a solu- 
tion of a suitable binder, such as casein, glue or starch, onto 
the surface of the machine-finished paper, and subsequently 
drying it. The adhesion of the various types of coatings to the 
underlying stocks is dependent upon the type of adhesive 
used, the ratio of pigment to adhesive, and the method of 
application. In some coated stocks, the adhesion of the coat- 
ing is so poor that even relatively tackless inks have a tend- 
ency to lift the coating off the stock and cause picking. For 
this reason, inks designed for use on coated stocks are made 
with as little tack as is consistent with proper color strength 
and distributing qualities. If too tacky an ink is used, any 
coated stock may be made to pick. The ultra-smooth surface 
of coated paper permits fine press work and is well adapted to 
the printing of fine-screen halftones and color, but can readily 
lead to trouble on the press if excessively tacky inks are used. 

A good coated paper ink should possess a smooth, flowing 
consistency and be just thin enough to flow slowly out of an 
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inverted ink can or off the knife. The pigment must be well 
dispersed in the vehicle and there should be no sign of un- 
ground particles or aggregates in the mass of the ink. Even 
under the microscope, the ink should appear homogeneous 
and free from large pigment aggregates, 

Coated paper inks dry principally by oxidation and, hence, 
must contain sufficient cobalt or paste drier to make them dry 
to a hard film. In printing multi-color work on coated paper, 
where one color overprints another, the underlying colors 
should contain nothing but a suitable percentage of paste 
drier, as this leaves a surface that will readily accept, or trap, 
the succeeding colors without danger of crystallization. Cobalt 
drier may be used safely in the last-down color, if this is a 
dark shade; it will also have the desirable effect of tying all 
the layers of ink together firmly and help to eliminate rubbing 
troubles. Should picking ensue when running large solids on 
coated paper, it is suggested that a small percentage of liquid 
hog tallow, or hydrogenated vegetable oil, be added to the 
ink to reduce the tack. 


SUPER-CALENDERED PAPER INKS 


Super-calendered paper, frequently abbreviated, S. & S.C. 
(sized and supercalendered), is used widely in printing the 
better grades of magazines, trade journals, booklets, etc. It is 
made by passing a good grade of beater-sized paper through 
a vertical stack of heavy rolls, which press it to a smooth, rela- 
tively glossy surface. It is not quite as smooth as coated paper 
and, hence, is not adapted to quite as high grade printing. 

Inks for super paper are similar in general properties to 
coated paper inks, except that they may contain a somewhat 
higher percentage of extender pigments, and, when designed 
for publication use, they may contain oils other than linseed. 
Super paper inks must be well ground and more or less free- 
flowing, depending upon the type of press on which they are 
to be used. Super-calendered stock is somewhat more absorb- 
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ent than coated stock and, for this reason, the inks may con- 
tain a percentage of japan drier along with the usual paste or 
cobalt drier, to impart rapid setting properties to the inks. The 
trend, during recent years, has been toward the use of heat- 
set, or flame-set, inks for publication use, and these new inks 
are discussed in detail in chapter 13. 


INKS FOR CAST COATINGS 


An outstanding achievement in the paper industry has been 
the development of cast coated stock. In this process, the liq- 
uid coating material is applied to the base paper stock and 
dried in contact with heated, highly polished, chromium or 
stainless steel cylinders. The principle of the process is simi- 
lar to that employed in photography for producing glossy 
prints by the ferrotype process. Although this type of coating 
possesses a very high gloss, it is quite absorbent, and special 
inks must be employed to yield good gloss and scuff-resist- 
ance. These inks are generally formulated around a synthetic 
resin vehicle to impart the necessary gloss and scuff resistance 
properties. Gloss heat-set inks have been used on this stock 
with considerable success. If regular, linseed oil vehicle inks 
are to be run on cast coated stock, it is recommended that a 
fair percentage of cobalt drier be added to the inks to aid gloss 
and toughness. In general, transparent inks yield better and 
glossier results than covering, or opaque, inks. 


PARCHMENT PAPER INKS 


Parchment paper, or vegetable parchment as it is fre- 
quently called, is made by passing a continuous web of pure 
cellulose paper through a bath of sulfuric acid and then at 
once into water, which stops the action of the acid and repre- 
cipitates, in a hard, hornlike condition, the cellulose that was 
dissolved superficially by the acid. After washing out the last 
traces of acid, the parchmentized web of paper is treated with 
a solution of either glucose or glycerine (or both) and then 
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dried. The glucose or glycerine, being hygroscopic, retains 
moisture and prevents the paper from drying out and becom- 
ing brittle. Vegetable parchment is used extensively in the 
wrapping of lard, bacon, butter, meats and other greasy ma- 
terials. 

Genuine parchment is made from the skins of goats, sheep, 
or other animals, by a process of cleaning and dressing. It is 
used occasionally for the very finest grades of certificates, di- 
plomas, etc., but its high price and lack of uniformity preclude 
its more general use. 

The inks for use on vegetable parchment should be quite 
heavy and tacky, since the glycerine content of the stock ne- 
cessitates a heavy, adhesive ink for satisfactory results. The 
glycerine also has a tendency to retard the drying of the ink 
and, hence, it is necessary to use a large percentage of a strong 
drier, like cobalt. The pigments used in parchment paper inks 
must be chosen with care if the stock is to be used for wrap- 
ping lard, butter, meat, or other greasy products, since there 
are but few colors that may be used safely in this class of 
work. Among the pigments that may be used are phthalocya- 
nine blue, bronze blue, chrome yellow, madder lake, English 
vermilion, molybdate orange and carbon black. The vehicle 
should consist of only the finest and most odor-free linseed oil 
varnishes, or alkyd resin varnishes if greater adhesiveness is 
required, Waxes or greases, except in very small amounts, 
should not be added. If difficulty is experienced in obtaining 
satisfactory adhesion and drying properties, a small amount 


of Chinawood oil—phenolic resin varnish should be added to 
the ink. 


CARTON STOCK INKS 


Suppliers of nearly every kind of commodity are discover- 
ing the value, from the sales standpoint, of an attractively 
packaged product and are competing with each other in the 
appeal and neatness of their packages. Where formerly it was 
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unusual to find a carton printed in more than two or three 
colors, today there are numerous examples of cartons printed 
in four, five, and even six colors. The steadily increasing de- 
mand for packaged goods has given a tremendous impetus to 
the folding carton industry, which, in turn, has resulted in a 
greatly increased consumption of carton inks. 

The stock or board used in the manufacture of folding paper 
cartons is generally made on the cylinder type of paper ma- 
chine and consists of four, five or six plies or layers of paper, 
matted firmly together during the process of manufacture. The 
top layer, on which the printing is done, is called the “liner.” 
The center layers are termed the “filler,” and the black layer 
is called either the “back liner” or merely the “back.” This 
method of manufacture allows the use of a better and whiter 
grade of stock for the liner than is used in the filler, with a 
consequent saving in cost. If the liner is made up of a good 
grade of stock to which has been added a considerable per- 
centage of clay, talc, or other white filler, during the process 
of beating, the resulting board is known as “patent coated 
board.” Clay coated board is usually made from a somewhat 
cheaper grade of stock that is subsequently coated with a mix- 
ture of china clay and casein by the usual coating process. The 
coating material fills up the unevenness and pores of the stock, 
and produces a smooth, semi-glossy surface that accepts print- 
ing inks well. 

There are several other grades of carton stock such as ma- 
nila, bleached manila, chip, etc., that are used occasionally 
where some special characteristic, such as low cost or strength 
is required. These stocks are neither as white nor as smooth 
as either the patent coated or clay coated stocks and are, 
therefore, not as well suited for printing purposes. 

Carton inks should dry to a hard, tough surface, in order 
to resist effectively the abrasive action of the fast-moving belts 
used on the automatic filling and gluing machines, and the 
rubbing of one filled carton against the other during transit. 
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This is especially important when the cartons are to be filled 
with a heavy material such as granulated sugar, which is in 
itself highly abrasive. The use of a rather large percentage of 
drier and the inclusion of some hard-drying synthetic resin 
varnish are effective means of insuring a hard-drying, tough 
ink film. 

The vehicle in the better grades of carton inks consists prin- 
cipally of heat-bodied linseed oil lithographic varnishes, with 
the possible addition of an alkyd or phenolic resin varnish to 
improve toughness and gloss. A percentage of mineral ink oil, 
rosin oil, or zinc resinate varnish, may be used in the less ex- 
pensive grades of carton inks, but with a consequent and pro- 
portionate lessening in the hardness and toughness of the 
resulting ink films. The softening effect of these oils may be 
overcome partly by combining them with either a heavier 
grade of lithographic varnish than would have been used had 
the vehicle been made up entirely of lithographic varnish, or 
by adding some hard-drying modified phenolic resin varnish. 
The addition of several percent of a hard, high-melting point 
wax such as montan, ouricury or carnauba, will also be found 
to improve materially the non-rubbing qualities of the inks. 

The ink maker should select pigments to obtain the closest 
match possible to the desired shade, together with a reason- 
able degree of fastness to light. If the carton is to be filled 
with a product of acid or alkaline nature such as washing soda, 
tri-sodium phosphate, etc., only those pigments may be used 
which are resistant to the action of these chemicals. Opaque 
inks, in general, will be found to give better results than trans- 
parent inks for carton work, as they cover the imperfections 
of the stock better and impart a more dense, closer-laying 
effect to the finished printing. If neither carnauba wax nor 
montan wax had been added to the ink during manufacture, 
the addition of some non-offset compound, based on hard wax, 
will be found to improve the scuff-resistance of the dried ink 
films. Greases, or greasy compounds, should not be used, as 
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they impart a soft, easily smudged film. Should extra drier 
be required, it will be found that cobalt gives the best results 
in the darker colored inks that are not to be overprinted; 
whereas paste drier is preferred in the lighter colored inks, or 
those that are to be overprinted with other colors. 


INKS FOR CORRUGATED CONTAINERS 


Corrugated container board made from either Kraft or jute 
paper has largely replaced wood in the manufacture of ship- 
ping containers. Kraft is made from the wood of the southern 
pine by the sulfate process; while jute is made from rope, bags 
and jute clippings cheapened by the addition of scrap paper. 
Both kraft and jute possess rough, uneven surfaces unless they 
have been water-treated, i.e., dampened and calendered dur- 
ing manufacture of the liner stock. Huge rolls of these stocks 
are delivered from the paper mill to the corrugating machine, 
where they are processed into corrugated container board. 
The corrugator “flutes” or corrugates one layer of paper and 
glues this between two other smooth layers which form the 
outside and inside “liners” of the board. The adhesive em- 
ployed is usually sodium silicate or starch, although more 
water-resistant adhesives such as casein, urea-formaldehyde 
solutions, etc., are sometimes used. This corrugated construc- 
tion imparts considerable strength and rigidity to the board, 
but introduces, rather serious difficulties in printing and fabri- 
cating. 

Because of the uneven surface and the ease with which the 
corrugations may be crushed, resulting in a lessening of the 
strength of the board, corrugated stock is printed almost uni- 
versally from rubber type on special presses that print, score 
and cut in one operation. 

The inks for printing on container board must be relatively 
free-flowing, glossy, non-sticking and quick drying to permit 
rapid handling of the printed containers. The vehicles consist 
usually of synthetic resins dissolved, or dispersed in, vegetable 
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drying oils and high-boiling mineral oil solvents, Pigments 
must be selected for opacity, coverage, money value and work- 
ing properties. Almost all container inks should be as opaque 
as possible to cover up the imperfections and inequalities in 
the surface of the stock and to impart added contrast and bril- 
liance. Considerable waxy compound may be used in these 
inks to prevent the printed boards from sticking together in 
the piles. Strong driers are also recommended to enable the 
work to be handled as soon as possible after printing. 

During recent years, moisture-set, or steam-set, inks have 
been used on container board with a marked measure of suc- 
cess. These inks “set” very rapidly on the slightly moist stock 
and yield highly scuff-resistant films. They dry with a soft, 
semi-luster, compared with the higher, sharper gloss of the 
conventional synthetic resin-in-oil inks. Due to the naturally 
rather high moisture content of freshly manufactured corru- 
gated container board, it is generally unnecessary to employ 
additional steam or moisture to dry the inks properly. 


INKS FOR MACHINE FINISHED PAPER 


Machine finished paper, sometimes called S. & C., which 
means sized and calendered, is used for printing books, peri- 
odicals, posters and throw-aways. It is made in a number of 
grades, ranging from newsprint to a good grade of book pa- 
per. A good machine-finished paper will permit the printing 
of halftones up to about 100 line screen, and on certain sub- 
jects under favorable conditions, it will yield satisfactory re- 
sults up to 120 line screen. However, machine-finished paper 
gives best results on type work, line etchings and wood en- 
gravings. As its name implies, the paper is finished on the 
paper machine proper, where it receives only a superficial 
calendering. It has a soft absorbent surface and is adaptable 
for use with more or less tack-free inks. Tacky inks tend to 
pos and pull the loosely bound fibers from the surface of the 
stock. 
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As mentioned earlier in the discussion of web perfecting 
press inks, the inks for machine finished paper dry mainly 
by absorption into the stock and do not require the addition of 
much drier for satisfactory results. Depending upon the grade 
of stock and the character of the work being run, they may 
contain varying amounts of mineral oil, rosin oil, zinc resinate 
varnish, etc., in combination with linseed oil lithographic var- 
nishes. The vehicles may consist entirely of mineral oils when 
the ink is to be used on high speed presses on absorbent stocks, 
but for the better grades of stock, on slower-moving presses, 
some drying oil and drier must be included in the ink. This 
will insure the eventual firm drying of the ink and prevents 
the small amount of ink that is not absorbed into the stock 
from being rubbed off when handled. 

Heat-set, or flame-set, inks are forging ahead in the publica- 
tion field and are superseding, to a large extent, the slower- 
drying conventional oil-base inks. These inks are considered 
in detail in chapter 13. They consist, essentially, of synthetic 
resins dissolved in special cuts or fractions of petroleum sol- 
vents to yield vehicles of correct viscosity, and are pigmented 
in the usual manner. The solvents are sufficiently stable at 
room temperatures to permit normal operation of the presses, 
but when the freshly printed stock is subjected to heat, or to 
a naked flame, the solvents are driven off rapidly, or burned 
off, leaving a substantially dried film of resin and pigment. 
The great advantage of this method of printing is that the 
printed matter may be handled immediately after passing 
through the drying mechanism. 


GLASSINE AND CELLOPHANE INKS 


Glassine paper is a highly hydrated and relatively impervi- 
ous material made by beating the cellulose fiber for a much 
longer time and more severely than when making the usual 
grades of paper. The individual fibers practically disappear 
and form a more or less translucent, slimy mass that is after- 
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wards formed into thin sheets. Cellophane is a viscose product 
produced by a patented process by flowing the viscose solu- 
tion onto a suitable surface and subsequently precipitating the 
cellulose hydrate. 

Both these materials are relatively unabsorbent, as far as 
printing inks are concerned, and require inks that dry by 
either oxidation or evaporation. This means that either con- 
ventional oil or resin-based inks, which dry by oxidation, or 
gravure or aniline inks, which dry by evaporation, must be 
used. 

Oil or resin-based inks for printing on glassine or cellophane 
should possess smooth, medium consistencies, without having 
too much flow or length. The nature of these stocks requires 
rather short, buttery inks to prevent the ink from crawling on 
the smooth surfaces and producing ragged lines and mottled 
solids. As both glassine and cellophane are quite transparent, 
best printing results are obtained with opaque inks that shut 
off the transmitted light and impart the illusion of much 
greater tinctorial strength than is possible with transparent 
inks. However, very brilliant effects may be obtained also 
with strong, highly transparent inks. 

Printing inks for use on celluloid (nitrocellulose) must, in 
general, possess heavier bodies than inks designed for use on 
either glassine or cellophane. Unless inks of high viscosity, or 
high yield value, are used, the work is apt to exhibit a washed- 
out, mottled and uneven appearance. Oil-extended alkyd res- 
ins (glycerine-phthalic anhydride, fatty acid resins) have been 
used as the sole vehicle in these inks with considerable suc- 
cess. As with glassine and cellophane inks, the addition of a 
few per cent of butyl cellosolve will improve their adhesion 
and printing properties. 

Glassine inks may contain a small amount of hard lime- 
grease compound to prevent offset and sticking, but care must 
be taken not to add too much, or the adhesion of the ink for 
the stock will be destroyed. The ink maker seldom adds grease 
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to inks for printing on celluloid or cellophane, since these inks 
must be made as concentrated and as hard drying as possible. 

In recent years, considerable success has been achieved in 
printing on these difficult surfaces with special types of aniline 
and gravure inks, especially if they contain combinations of 
nitro-cellulose and hard resins as binders. When contemplat- 
ing the printing of glassine, cellophane or plastic surfaces, it 
is highly important that the ink maker be given all the facts 
concerning nature of the stock, type of press and nature of the 
form, so that he may design the best ink for the purpose. 
Furnishing him with generous samples of the stock will enable 
him to test the drying and adhesion of the inks before they are 
shipped, thus reducing experimentation and possible failure 
on the press, 


HALFTONE BLACK INKS 


Modern halftone printing on high speed presses presents 
many difficult and diametrically opposite problems and _re- 
quires inks possessing unusual properties. They must be dense, 
clean-working, quick-setting and hard drying. It is a well- 
known fact that, all other conditions being equal, the faster 
a press travels, the quicker must be the setting of the ink if 
such troubles as offsetting, smudging and sticking are to be 
eliminated. In general, the setting properties of an ink are de- 
pendent upon two factors; the first being the ratio of the pig- 
ment to the vehicle, and the second the penetrating qualities 
or viscosity of the vehicle. It is obviously necessary either to 
increase the percentage of vehicle or to use a thinner vehicle 
in order to hasten the setting time of a conventional ink. The 
use of a thinner vehicle is undesirable since this impairs both 
the finish and tough drying qualities of the ink;- but, on the 
other hand, by using a larger proportion of vehicle the den- 
sity and strength of the ink suffer. The solution lies, therefore, 
in using only the strongest and most dense pigment combina- 
tion possible, so that a large percentage of vehicle may be 
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used without sacrificing unduly the printing strength of the 
ink. Good tinctorial strength is essential, so that strong, full- 
colored prints may be obtained with a minimum of ink. Only 
in this way can offsetting, smudging and filling-in of the half- 
tone screens be prevented. 

The introduction of heat-set and flame-set inks has done 
much to eliminate many of the problems connected with high- 
speed printing of halftones, especially on web-fed presses. 
These inks are set immediately after printing by passing the 
web through a heating chamber, or under a series of burners, 
which drive off or burn off the solvent portion of the inks, 
leaving a substantially dried film of pigment and resin binder 
on the stock. The introduction of these inks has made pos- 
sible the publication of huge-edition, pictorial news magazines 
such as Life, Time, Newsweek, etc. With conventional types of 
inks, the drying time involved would necessitate stacking the 
printed sheets for several hours, which would require much 
additional space and handling facilities. 

Halftone black inks should be made as heavy in consistency 
as the grade of stock and press speeds will permit, in order to 
obtain sharp, clean, dense impressions. The inks should be 
finely ground and absolutely free from grit or undispersed 
aggregages of pigment, which would tend to fill in the fine 
screen work and make frequent washing out of the forms nec- 
essary. This procedure not only delays pressroom production, 
but also shortens the useful life of the plates. 

Both carbon black and furnace black are the pigments used 
most frequently in the formulation of modern halftone blacks. 
These are strong, dense, black pigments possessing rather jet- 
black masstones, but, unfortunately, having somewhat brown- 
ish undertones. These brownish undertones are objectionable 
in halftone blacks where the undertones and printing tones 
are essentially the same. It is the usual practice to neutralize 
the brownish tone by the addition of various amounts of blue 
or violet toners. Because what most persons call “true black” 
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is in reality blue-black, it has become the custom to add con- 
siderably more toner than is required merely to overcome the 
brownish undertone of the black pigments. Carbon black and 
furnace black are relatively “short” pigments, and require the 
addition of a considerable proportion of long varnish to make 
the inks distribute properly and work well on the presses. 
The long varnish also prevents the individual pigment par- 
ticles from flocculating. Carbon black is also a notoriously 
poor drier and requires the addition of a large amount of a 
strong drier such as cobalt linoleate, resinate or naphthenate, 
to make it dry properly. Mixtures of japan and cobalt driers 
are also used frequently with excellent results. Paste drier, 
because of its slow drying action and frequently poor texture 
or dispersion, is not recommended for halftone black inks. 


PROCESS INKS 


By properly combining or superimposing the three so-called 
“primary colors,” red, yellow and blue, almost any color may 
be reproduced. This is the fundamental principle upon which 
three-color process printing is based. By photographing the 
subject first through a blue filter and a ruled halftone screen, 
a negative is obtained from which the yellow plate is made. 
Without changing either the position of the subject or posi- 
tion or focus of the camera, a green filter is substituted for the 
blue filter and another negative for the red plate is made. 
Finally, a red filter is used for obtaining a negative from which 
the blue plate is made.* When the halftone plates made from 
these negatives are printed in their respective colors, in the 
order named, and superimposed in correct register, they will 
reproduce, in the resulting composite print, the approximate 
color tones represented in the original subject. If to the three 
color plates enumerated above we add a fourth, or black plate, 


* The ruled halftone screen is rotated between exposures so that the 
dots of each color will lie adjacent to the others without entirely super- 
imposing. 
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we are able to obtain many shades of gray that are impossible 
to get when only the three primary colors are used; and, in 
addition, being used as the key plate, it strengthens the de- 
tail and gives more life to the subject. If perfect three-color 
inks could be made, it might not be necessary to employ the 
black plate, but pigment transparency and color strength lim- 
itations are such that at present this is not practical. 

The manufacture of process inks requires closer control of 
such factors as consistency, tack, drying properties and grind- 
ing than perhaps any other type of printing ink. As each color 
is laid successively over the preceding colors, each underlying 
color must present a suitable printing surface for the colors 
that follow. 

There are two general methods of process color printing; the 
dry method in which each color is allowed to dry, or at least 
set, before receiving the next succeeding color; and the wet 
method in which the colors are applied one over the other in 
quick succession before they have had time to set. 

In the dry method, each color must set to a surface that is 
neither chalky nor glassy, but that possesses sufficient residual 
tackiness so that it will accept and grip firmly each succeeding 
color. The consistency and tack of the inks must be adjusted 
for good trapping and laying on the preceding impressions. 
The first color to be printed, i.e., the “first down” color, should 
be relatively tacky and should contain but little drier. This is 
essential, since if the first color should dry too hard, or as it is 
commonly called, “crystallize,” the following colors will not 
adhere well to it and the job may be spoiled. A small percent- 
age of paste drier, of the lead and manganese variety, is used 
generally in the first down color to insure the eventual firm 
drying of the ink, and a small amount of wax compound is 
frequently incorporated to make certaain that the first-down 
color will present a satisfactory surface for receiving, or 
“trapping” the second and succeeding colors. Lanolin, or wool 
grease, is sometimes added for the same purpose. 
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The second-down color should not be quite as tacky as the 
first color. An easy way of ascertaining the difference in tack 
is to take a little of the first color on the tip of the index finger 
and a little of the second color on the middle finger of the 
same hand and tap them out at the same time onto a piece of 
the paper stock to be used for the particular job. The inks 
should be tapped out to rather thin films and the difference in 
tack or stickiness observed. The second color may contain a 
somewhat larger percentage of drier than the first color. This 
should also be of the lead-manganese paste drier type. A small 
percentage of wax or grease may again be added to give a good 
printing surface for receiving the third color. 

In three-color process printing the third color is, naturally, 
the last. It should have less tack than the second color and 
should be made to dry more rapidly. It is customary to in- 
clude a small percentage of cobalt drier in this last color to 
bind all the other colors together. In four-color work, the 
third-down color should contain only paste drier, the cobalt 
then being added to the fourth, or last, color. 

The inks for the wet-on-wet method of process printing are 
quite similar in character to the inks for the dry method, ex- 
cept that a considerably greater percentage of drier may be 
added to the underlying colors, since there is no danger of 
crystallization. It is very important that the tack be graduated 
from the first to the last color in this method, otherwise the 
underlying colors will be picked up by the succeeding colors, 
quickly contaminating them and destroying the tonal value of 
the job. A small percentage of kerosene or soft cup grease is 
added frequently to the last-down colors in wet process print- 


The ink storage room of a print- 
ing plant should have adequate 
light, ample shelf space, tables 
and weighing equipment. 
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ing to insure their setting rapidly and not picking up the pre- 
ceding colors. In high speed work, where the natural surface 
tension of even a soft ink is considerable, this is important. 
Ink makers use an instrument called the “Inkometer” for de- 
termining the actual differences in tack between each of the 
inks. It also enables standard tack readings to be established 
for obtaining best printing and trapping results. 

Process red inks generally are made from either phloxine or 


the mor r phosphotungstated or_phosphomolyb-, 
dated rhodami These impart the desired clear bluish red 
Siades Secessary ty obtain correct reproduction of the original 
subject. Pigment scarlet, lithol rubine, and other bluish red 
pigments are used occasionally but do not produce as clean 
shades as phloxine or rhodamine. As with the process yellows, 
sufficient alumina_hydrate, or other_extender, is usually in- 
cluded in the formula to reduce the strength to the desired 
point and to impart additional transparency and good working 
properties. 

Process blue inks are best made entirely of organic colors, 
since the various iron blue pigments do not produce as fine 
working inks as do the organic colors. Where permanence to 
light is not a factor, the relatively fugitive peacock blues may 
be used. These pigments are clean and transparent and pos- 
sess excellent working properties. When permanence is re- 
quired, the various phosphotungstated or phosphomolybdated 
setoglaucines, or brilliant blues, are used. The more trans- 
parent types of phthalocyanine blue, the so-called “monastral 
blue” pigments, are admirably adapted for use in making per- 
manent process blues. Their extreme purity of hue results in 
the reproduction of more brilliant purples and greens than 
are obtainable with the setoglaucine type of pigment. The 
great strength of the phthalocyanine blues allows for consider- 
able reduction with alumina hydrate which improves the 
transparency and workability of the inks while, at the same 
time, reducing their cost. 
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Process black inks are similar to good halftone black inks 
except that ordinarily less blue toner is incorporated. An ex- 
cess of blue in a process black imparts a cold, unpleasant ap- 
pearance to the finished print. Excellent results may sometimes 
be obtained by reducing a process black ink with as much as 
fifty percent of alumina hydrate ink. This eliminates the un- 
natural appearance of having too much black, or too strong a 
black, in a color reproduction. Naturally, this great reduction 
in strength cannot be made when the process black is also used 
to print the wording accompanying the illustrations. 











Chapter 11 


LITHOGRAPHIC INKS 


[ec or planography, is the second of the three ma- 

jor divisions of printing. It includes all the processes of 
printing from plane, or slightly etched, surfaces, such as stone 
lithography, direct rotary lithography, offset lithography, dry 
offset printing, offset metal lithography, and the photogelatine 
process. The principle underlying all these processes (with the 
exception of dry offset printing) is that grease and water are 
mutually repellent. 

The fundamental principle of lithography was discovered 
by Alois Senefelder, a Bavarian, in 1706. Senefelder had been 
experimenting with all sorts of printing processes in an effort 
to find a cheaper and more rapid means of duplicating sheet 
music, and other complicated forms, than was then available. 
The classical story goes that his mother came into his work- 
shop and asked him to write out the family laundry list. Not 
having any paper at hand, Senefelder wrote the list on a piece 
of smooth, porous limestone with a greasy marking ink he had 
just prepared. The ink was composed of soap, beeswax, tallow, 
rosin and lampblack, much like the present day litho transfer 
ink. Later, upon attempting to remove the writing from the 
stone with water, and then turpentine, he discovered that al- 
though the stone was apparently quite clean, the writing was 
still there in almost invisible grease. 


Distributing system, Harris- 
Seybold offset press showing 
both ink and dampening roll- 
ers in proper running position. 


Photo Harris-Seybold Co. 
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The idea then occurred to him that he might obtain an im- 
pression on paper if he dampened the surface of the stone 
with water and covered the writing with greasy printing ink. 
The experiment was successful and after much further work 
Senefelder perfected the process to a point where it was avail- 
able for commercial application. He called his process “li- 
thography,” which taken literally means, “writing on stone.” 
While the process has been improved continuously since that 
time, its greatest growth, from the standpoints of both quality 
and volume of work produced, has taken place since the ad- 
vent of photographic methods of reproduction and the per- 
fection of the offset process of lithography. 

Work produced by the lithographic process is distinguished 
by the softness, evenness and freedom from mottle of the 
solids, and by the ability to reproduce fine detail on relatively 
rough or inexpensive paper stocks. The process is especially 
desirable when long runs of rather large sheets are to be made, 
as in the production of posters, decalcomanias, labels and fine 
illustrations. An example of its speed, versatility and ability to 
print fine detail on poor stock is afforded by the fact that an 
entire Saturday picture supplement of a large Australian paper 
is being printed by four-color web-fed offset presses at a speed 
of over 35,000 papers per hour, on both sides of the paper 
stock. The sharpness of detail far exceeds that possible to 
achieve with conventional stereotype newspaper printing. 

As mentioned previously, the lithographic, or planographic 
process depends upon the fact that grease or oil, and water, are 
mutually repellent. Since there are, and have been, certain lith- 
ographic processes, such as the Pantone process, in which wa- 
ter is not used, and which depend upon the fact that the amal- 
gams of certain metals will not accept ink, while other, or 
image portions of the plate, which consist of metals which will 
not form amalgams, will accept ink, the simple definition of 
lithography must be extended. A more scientific and compre- 
hensive description of the process might be, “the method of 
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printing from a plane, or slightly etched, surface having both 
ink receptive and ink repellent areas.” Naturally, the term 
“plane surface” is understood to include flat metal plates 
that have been curved to fit the plate cylinders of offset 
presses. 

The old stone lithographic process is practically obsolete; it 
has gone the way of the stone writing tablets of the Baby- 
lonians and Assyrians, and for the same reason—the stones 
were too cumbersome to handle and store, and printing from 
them is much too slow for modern production requirements. 
Today, practically all lithographic printing is done by the off- 
set process, employing thin, curved metal plates that impress 
the ink onto an intermediate blanket cylinder which, in turn, 
impresses it upon the stock being printed. 

In lithographic or offset printing, the surface of the printing 
plate must be dampened, as well as inked, for each impres- 
sion, and the presses are, therefore, equipped with two sets 
of distributing systems and rollers; one for applying moisture 
to the plates, and the other for distributing and applying the 
ink. Usually, a small amount of chromic or phosphoric acid, or 
an acid salt such as ammonium acid phosphate, together with 
a little freshly-prepared gum Arabic solution, is added to 
the dampening water to etch the surface of the plate very 
slightly. It is added continuously during the operation of the 
press, to keep the lines of the image sharp and clean, and to 
prevent the ink from “greasing” or sensitizing the non-image 
portions of the plate. The acid aids in keeping the surface of 
the plate clean and grease-free (or ink-free), while the gum 
Arabic serves to keep the non-image portions water receptive, 
and prevents the surface of the metal from oxidizing. The 
dampening rollers, or dampers, should supply only enough 
moisture to the plate, just before it is inked, to keep the ink 
from adhering to any part except the design or image; but not 
enough to cause the printed sheets to be damp when they are 
delivered from the press. 
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little time is required for makeready, due to the resiliency of 

One of the main advantages of the offset process is that very 
the rubber blanket. The plates are clamped in position on the 
plate cylinders, register is adjusted, guides are set, fountains 
supplied with ink and dampening solution, necessary pressure 
adjustments are made, and the sheets are fed much as in typo- 
graphic printing on a cylinder press, and at similar speeds. 

The lithographic process is essentially a physical-chemical 
method of printing, as distinguished from the typographic 
process, which is mainly mechanical. In lithography, a thin 
film of ink and a thin film of water, or dilute acid, are in con- 
stant, and more or less violent, contact. The conditions are apt 
to cause mixing of the ink and water, with resultant emulsifi- 
cation, washing out of the pigment from the ink, bleeding of 
the pigments of the ink, and other difficulties, unless the ink 
is formulated correctly to resist the action of the dampening 
solution. The inks used in offset lithography must therefore 
meet a number of unique, and frequently contradictory, re- 
quirements. 

First, and foremost, the inks must resist emulsification and 
bleeding when brought into intimate contact with acid foun- 
tain solutions. Next, they must exhibit no tendency to sensitize 
the non-image portions of the printing plate, nor cause*the 
image to “grow” or spread; in other words, the inks must not 
be “greasy.” Thirdly, the inks must be highly concentrated, 
since in lithography it is impractical to carry as large a vol- 
ume of ink as is carried in typographic printing. This limita- 
tion of the amount of ink that may be carried successfully is 
imposed by several conditions inherent in the lithographic 
process itself, such as the need for balancing the amount of 
ink carried by the amount of dampening solution required to 
hold the ink to the image; also the extra transfer operation of 
ink from plate to blanket to printing surface precludes carry- 
ing a large volume of ink because of the squashing or slurring, 
which would ensue if a thick film of ink were carried. Stated 
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somewhat differently, if a large volume of ink were carried, 
the design or subject matter would lose its sharpness because 
of being transferred first from the plate to the rubber blanket 
and then from the blanket to the surface being printed. The 
small amount of water that is invariably picked up by the ink 
from the dampening system, also tends to weaken the color of 
the ink, which must be made correspondingly stronger to over- 
come this effect. Because of these unusual requirements, not 
all ink makers are qualified by experience to formulate suc- 
cessful lithographic inks and the lithographer should exercise 
caution and judgment in changing sources of supply, unless 
and until adequate actual press trials have shown a new ink 
to be satisfactory in all respects. 

Formerly, it was believed necessary to “age” lithographic 
inks between the time of manufacture and use to allow time 
for the vehicle to displace more completely the air and mois- 
ture envelope which surrounds each pigment particle and to 
wet the particles more completely. This aging period was con- 
sidered especially necessary in the case of chrome yellow and 
black inks, which contain “water-loving,” or hydrophylic, pig- 
ments, which tend to wash, bleed or emulsify with the damp- 
ening solution, unless properly aged. 

More recently, however, ink chemists have found that this 
aging period can be eliminated if small amounts of certain 
“wetting agents” are included in the inks. These serve to wet 
the pigment particles preferentially and to displace the air and 
moisture envelope much faster than do straight lithographic 
vehicles. Their inclusion also aids the dispersion of the pig- 
ments in the vehicles and results in better working, less water- 
sensitive, less greasy inks. 

Much has been written about the correct amount of acid to 
employ in the dampening fountain for best results—the sub- 
ject usually being covered under the “high-sounding” phrase, 
“pH control of fountain solutions.” It is absolutely true that an 
excess of acid will shorten plate life; result in flat, lifeless print- 
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ing; cause stripping of the ink from rollers; and retard the 
drying of the ink; so just how much acid should be used? A 
safe rule is to start the run with almost pure water and then 
make very small, measured, additions of acid and gum Arabic, 
as required to keep the work open and clean. Never just 
“dump in” several ounces of concentrated acid and expect 
good printing results and long plate life. Keep a careful record 
of the exact concentration of the dampening solution so that it 
may be duplicated on future runs of the same job. The use of 
an electric pH meter, hydrion test papers, or standard colori- 
metric methods, is desirable, but not strictly essential. Some 
inks are just naturally more greasy than others due to the na- 
ture of the pigments employed, and so the same amount of 
acid cannot be used for all. The nature of the plate also in- 
fluences the amount of acid required to keep the work open 
and clean, as does the pH of the paper, or paper coating, be- 
ing run. 

Lithographic inks are formulated generally with longer and 
somewhat more viscous vehicles than are used customarily in 
letterpress inks, to insure proper protection to the pigment 
particles from the acid fountain solutions, and to impart the 
required pigment-carrying properties and freedom from “greas- 
iness.” Research has shown that “greasiness” is governed by 
both the consistency, or viscosity, of the vehicle and by its acid 
number, or acidity. Acid numbers in excess of ten or twelve 
are apt to cause greasing, as is the use of vehicles of insuffi- 
cient consistency or viscosity. In general, the higher the spe- 
cific gravity of the pigments used, the more viscous must be 
the vehicle to impart the required working and carrying prop- 
erties. 

As mentioned above, lithographic inks must be made as con- 
centrated as possible. This necessitates the grinding of as 
much pigment as possible into a vehicle to impart sufficient 
length, lifting and gripping properties to the ink, without, 
however, giving so much tack or pull as to destroy the design 
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or tear the paper being printed. The perfect vehicle combina- 
tion is one that produces a sharp and clean-working ink, and 
which at the same time yields the greatest number of impres- 
sions before wearing out the plate. Of course, for best results, 
the press must be mechanically perfect and the pressure be- 
tween plate and blanket must be correct, otherwise mechani- 
cal slur and wear will result. 

A fairly accurate method of determining quickly if the con- 
sistency of the ink is about correct is to dip a broad-bladed 
knife into the ink on the slab and note the manner in which 
it flows off the knife when held up: an ink of proper consist- 
ency will just about flow off the knife, and the ribbon formed 
by the slowly flowing ink will break off at a point about six 
inches below the knife. Scientifically speaking, plastic viscosi- 
ties in the range of 500 to 800 poises are about correct. 

The pigments used in lithographic inks must, of necessity, 
be absolutely unaffected by water, and non-bleeding in water 
and dilute acids; they must also be sufficiently fine in texture 
to produce smooth, non-abrasive, free-working inks. It is also 
important that they be non-reactive with the viscous vehicles 
used in inks to prevent livering or thickening upon storage. 
High tinting strength is desirable, so that the inks need not 
be overloaded with pigment to achieve the proper color 
strength; and a high degree of permanence to light is advan- 
tageous. Certain pigments have a tendency to darken or dis- 
color when brought into contact with acid fountain solutions, 
and should, therefore, be avoided in the preparation of litho- 
graphic inks. t 

Not nearly as much drier is required in lithographic inks as 
in corresponding typographic inks, because of the thinner film 
of ink carried in lithographic printing. Furthermore, a fast 
drying ink is apt to require frequent washing out of the plate, 
which tends to decrease production and shorten the useful 
life of the image. An excess of drier is also apt to cause greas- 
ing and scumming and, not infrequently, stripping, a phe- 
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nomenon in which the ink leaves a portion of the rollers bare 
due to the preferential wetting of the rollers by the metallic 
soap in the drier. An ideal lithographic ink has only a mod- 
erate drying action, so that the printed sheets may be handled 
in a reasonable length of time without danger of smudging. 
Linoleate or naphthenate driers are best to use, since they ex- 
hibit a minimum amount of bleeding or emulsifying with the 
acidic dampening solutions. A combination drier consisting of 
the linoleates of lead and cobalt, with a small amount of pre- 
cipitated borate of manganese produces highly satisfactory 
results. 

Until quite recently, it was the custom for lithographers to 
purchase heavy-bodied inks and to reduce them to the proper 
working consistency themselves by the addition of various oils, 
varnishes, driers and compounds. This method has been at- 
tacked vigorously from many sides for its inefficiency, particu- 
larly in the larger shops where considerable quantities of inks 
are used. Consequently, today practically all lithographic inks 
are designed by the ink maker to be used directly from the 
can, or with a minimum of reduction in the pressroom. 

A small percentage of tallow and wax compound is often 
added to lithographic inks to make them more water-repellent 
so that they will resist the action of the dampening solution 
more completely. The compound also aids the running prop- 
erties of the ink by reducing the tack and preventing offsetting 
from one sheet to the next. Two per cent of compound is usu- 
ally ample for this purpose. 

Thorough dispersion or grinding of the pigments into the 
vehicles is highly important in the production of lithographic 
inks, since the slightest amount of grit, or undispersed pigment 
particles, is sufficient to cause piling of the ink on the blanket 
and plate, resulting in uneven printing, polishing of the plate, 
and rapid wearing of the grain and the image. It is quite ob- 
vious that in a process where such a thin film of ink is applied, 
any unground, unwetted, or undispersed particles are apt to 
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be washed away from the bulk of the ink by the dampening 
water and cause tinting or scumming troubles and a mottled, 
uneven impression. High grade inks should be so well dis- 
persed that even under a microscope the pigment particles will 
appear of uniform size and distribution. 


OFFSET TIN PRINTING INKS 


The printing and decorating of tin and other metal sheets is 
almost always accomplished by means of the offset process. In 
fact, the offset process was applied to the printing of tin sheets 
before it was realized that the process could also be applied to 
the printing of paper. The increasing use of printed metal signs 
and containers has given great impetus to this branch of lithog- 
raphy. 

The printing is done on offset presses which are especially 
designed to handle tin plate. They may be of either the single 
color, tandem, or two-color type and the printing may be done 
from either zinc or aluminum plates, or by the newer bi- and 
tri-metal plates. The presses are similar to ordinary paper off- 
set presses in that they consist of three main cylinders, the 
plate cylinder, the blanket cylinder and the impression cylin- 
der. The sheets of tin are fed between the blanket and im- 


_pression cylinders. Immediately after being printed, the sheets 


are fed through an automatic hot-air drying oven that dries the 
ink to a hard, tough film and makes it adhere better to the 
metal or coating on which it is applied. The usual baking tem- 
peratures range between 250 and 300 degrees Fahrenheit, and 
the duration of baking is usually between six and twenty 
minutes. 

Tin printing inks are similar to the inks used in offset lithog- 
raphy on paper, except that in addition to the usual require- 
ments for lithography, they must also withstand the baking 
operation without appreciable change of color. This narrows 
down the list of available pigments to even a smaller number 
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than are suitable for the regular processes of lithography. The 
use of grease, in any form, is to be avoided, as it has a tend- 
ency to soften the dried ink film and weaken the adhesion of 
the inks for the metal. Moreover, since most metal lithography 
is later protected with a clear finishing varnish, the use of 
grease in the ink tends to make the varnish crawl on the ink 
and reduce adhesion. Difficulties are often prevented by con- 
sulting the inkmaker regarding ink additives. 

The vehicles used in metal decorating inks consisted for- 
merly of only heat-bodied linseed oil, the so-called “litho” var- 
nishes. The demand for shorter baking schedules and harder, 
tougher ink films led ink makers to investigate the use of syn- 
thetic resin vehicles for these inks. The search was long and 
diligent, but recently, excellent vehicles based on a variety of 
synthetic resins have appeared. These consist of either 100 per 


cent solid alkyd oils, or solutions of maleic or phenolic resins 
in_drying gils of the chinawood or dehydrated Castor oil va- 


riety. Because of their greater hardness, toughness, luster and 
shorter baking cycles, these new inks are gaining in popularity 
and use. 

Another innovation in recent years has been the “wet ink 
varnishing” process, wherein the inks are applied by the usual 
metal offset press and then covered with finishing varnish 
before they have been dried—the drying of the entire ink- 
varnish system being accomplished by a single pass through 
the baking ovens. The inks for wet-ink-varnishing must not 
contain any ingredients which exhibit bleeding in the liquid 
finishing varnish; they must also dry satisfactorily under the 
film of varnish. This was a difficult problem to solve, since the 
film of finishing varnish effectively shuts off the supply of oxy- 
gen to the inks, thereby interfering with the normal processes 
of drying. Synthetic resin vehicles, in which small amounts of 
certain solvents were added, successfully overcame the diffi- 
culties, so that today wet-ink-yarnishin een accepted as 
the standard procedure, 


- 
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DRY OFFSET PRINTING INKS 


For some types of work, such as tint backgrounds for checks, 
certain classes of labels, etc., offset printing may be done with- 
out the use of the dampening system. The plates used for this 
work are considerably heavier and thicker than those used for 
conventional offset lithography, and the non-printing areas are 
etched to a much greater depth than normal, which raises the 
lines and characters that are to print above the background of 
the plate. In printing, only those portions in relief receive the 
full quantity of ink and print, although there is sometimes a 
slight tint of color between the lines, unless great care is used 
in adjusting the pressure between the plate and blanket cylin- 
ders and between the blanket and impression cylinders. With 
correctly made plates, and some degree of care, however, good 
work can be done by this method. If regular, high relief, 
curved typographic plates are substituted for the usual etched 
zinc plates, the danger of inking between the lines and char- 
acters is eliminated entirely. 

The inks for dry offset printing, naturally, need not be water 
resistant, since the dampening rollers are not used. However, 
they should possess high strength of color to permit their a 
ing run lightly, so as to prevent squashing out of the ink by 
the rubber blanket, which would result in ragged lines and 
characters. A small percentage of wax compound may be 
added to these inks, unless the ink maker has done so, to im- 
prove the sharpness of printing and general working proper- 
ties. The inks need contain only a moderate amount of drier 
due to the thin film of ink carried, and the consequent acceler- 

ion of drying. oe 
eS with Bae aeouler offset process, this method of printing 
permits the production of high grade work on rather rough 
and inexpensive stock. For this reason, it is gaining favor for 
work requiring long runs, as for the printing of coffee bags, 
milk containers, and even for metal decorating. 
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PHOTOGELATIN INKS 


The photogelatin process of printing is frequently referred 
to by other names such as collotype, lichdruck, albertype, etc., 
depending mainly upon the country in which it is used. While 
this process of printing is essentially planographic in principle, 
it differs in several important respects from the lithographic 
process. It is based on the well-known fact that a film of bi- 
chromatized gelatin becomes insoluble in water when exposed 
to the light. 

Since bichromatized gelatin has the property thus described, 
it is possible to take a sheet of it and expose portions of it to 
the light, while shielding the remainder. The portions of the 
sheet thus exposed become insoluble in water, or refuse to ab- 
sorb it, while the shielded portions retain their normal solu- 
bility and ability to absorb water. By exposing the sheets of 
bichromated gelatin through a photographic negative, with- 
out the use of a lined screen, it is possible to obtain a repro- 
duction in which the various tonal values of the original will 
be translated into terms of solubility and insolubility of the 
gelatin. 

In the usual application of the photogelatin process, the bi- 
chromatized gelatin is poured on a heavy glass plate in dim 
light and, after drying in an oven at low heat, is exposed be- 
hind a photographic negative. By exposure to light, the parts 
where the light has acted most strongly are rendered essen- 
tially water-proof, so that they will no longer absorb moisture. 
The parts where the light has acted less strongly are rendered 
only partly soluble in water, and hence will absorb moisture 
only partially; while the parts to which no light has been ad- 


Ink mills disperse the pig- 
ment in the varnish phase. 
They actually produce little 
reduction in particle size. 

Photo Interchemical Corp. 
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mitted retain their normal solubility in water and will, there- 
fore, absorb their full quota of moisture. 

After exposure, the plate is sponged, first with water which 
opens the pores of the gelatin, and then with a solution of 
glycerin in water, which prevents too rapid drying of the plate. 
In those portions of the plate where the light has acted most 
strongly and rendered the gelatin essentially water-proof, very 
little water is held and the full quantity of ink is retained. 
Where water is only partly absorbed, the ink also adheres only 
partially, and produces the middle tones; where the gelatin has 
absorbed the full quota of water the ink does not adhere and 
the highlights are produced. Printing is done usually on a flat- 
bed press somewhat similar to a flatbed lithographic press. 

Thus it is seen that in the photogelatin process a true photo- 
graphic reproduction of the original is obtained, unbroken by 
any lines or screens. The process is adapted admirably to the 
printing of fine art subjects such as pictorial post cards, illus- 
trations for fine books, and the imitation of photographs. 

The inks used in the photogelatin process are similar to 
those used in ordinary lithography, except that they must be 
even more concentrated tinctorially because only a very thin 
film of ink may be carried and applied. The inks must be 
highly water-repellent since more moisture is carried in this 
process than in lithography. The ideal ink has a true pigment 
body and a heavy, buttery consistency. Only pigments of the 
softest texture are used, because of the ease with which the 
gelatin plate may be injured by coarse or unground pigments. 
These tend to adhere to the gelatin and cause a mottled, speck- 
led, filled-in appearance. The ink maker must avoid the use 
of basic colors precipitated by means of tannic acid, since this 
acid hardens the gelatin by a process similar to the one made 
use of in the tanning of leather. Only pure linseed oil litho- 
graphic varnish should form the vehicle, as synthetic resins act 
to sensitize the gelatin and cause it to print all over. Excessive 
use of drier will also “poison” the gelatin and must be avoided. 


Chapter 12 


INTAGLIO PRINTING INKS 


NTAGLIO PRINTING is defined as the process of printing from 
I depressed, or etched, surfaces. The most important branches 
of this form of printing are the steel and copper plate proc- 
esses, the steel die stamping process and the photogravure and 
rotogravure processes. Intaglio printing, in its several forms, 
has been termed the “nobility of the graphic arts,” since no 
other method of reproduction quite equals it in the forceful 
simplicity of the finished work. In fact, many artists prefer the 
medium of copper plate engraving to that of the palette and 
brush, as indicated by the many beautiful etchings to be found 
in our museums and art galleries. In a commercial way, the 
intaglio process is used for the production of fine stationery, 
postage stamps, paper currency, and the illustrations for fine 
books. The rotogravure supplements in our newspapers, and 
numerous magazines and magazine inserts, are examples of 
the more commercialized, but none the less beautiful, forms of 
intaglio printing. 


COPPER PLATE ENGRAVING INKS 


Copper plate printing is still used largely for printing the 
best grades of social stationery, wedding and other announce- 
ments, visiting cards, etc., and, in a more limited way, for high 
grade business and commercial stationery. The process is ap- 
plicable where only a limited number of copies is desired, as 
the softness of the copper plates makes it impossible to obtain 
more than several thousand impressions from each. There is no 
practical method for hardening copper plates, and the process 
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of printing from them is so slow and expensive as to preclude 
a more extensive application of this method. 

The characters are engraved on copper plates, about an 
eighth inch in thickness, either by hand, or by means of the 
engraving machine, the characters being cut from right to left 
so that they will print in the right direction. Corrections may 
be made by tapping the back of the plate with a wooden 
mallet to eliminate the lines first engraved and then, after 
smoothing the new surface, re-engraving. 

The next step is to place the finished plate on the press for 
printing. Intaglio copper plates cannot be printed on the ordi- 
nary types of printing presses, but require a special type of 
press consisting of a sliding-bed plate and a “D” shaped im- 
pression roller. The bed-plate and the roller operate together 
through a rack and gear mechanism and the whole assembly 
is actuated by means of a large hand-wheel equipped with five 
or six long handles, much like a ship’s wheel. The copper plate 
is secured to the base of the press by means of a sticky com- 
pound, which, while holding the plate rigidly in place for 
printing, permits its easy removal at the conclusion of the run. 
The press is made-ready to give a very heavy impression by 
packing the face of the “D”-shaped roller and covering it with 
a thin rubber blanket. The engraved surface of the plate is 
then covered with ink from a roller, care being taken to make 
sure that all the engraved lines are filled with ink. The excess 
ink is then wiped off the face of the plate with starched bur- 
lap, cheesecloth or paper, and the face is polished with whit- 
ing, applied with the smooth part of the hand, until the entire 
surface is perfectly smooth, clean and free from ink. The ink 
is permitted to remain only in the engraved lines and charac- 
ters. The paper sheet to be printed is laid face down on the 
plate in the correct position and the impression is obtained by 
actuating the hand-wheel, which carries the plate and paper 
under the “D” roller with a strong and even pressure. The 
paper is forced into the lines of the engraving by the pressure 
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of the rubber blanket, causing it to lift out the ink. After each 
impression the bed of the press, carrying the plate and sheet, 
is brought back to the point from which it started, the printed 
sheet lifted off, the plate re-inked, re-wiped, re-polished, and a 
new sheet laid on for the next print. Since the entire operation 
must be repeated for each impression, it is obvious why cop- 
per plate printing is so expensive. The stock to be printed is 
usually slightly dampened and wrapped in a damp cloth for 
several hours before use, to facilitate its being forced into the 
lines of the engraving, thus producing sharper and more uni- 
form impressions. 

The inks for copper plate printing differ radically from the 
inks used in either the typographic or lithographic processes, 
and must possess rather unusual properties. They must be 
short and buttery in consistency and yet greaseless, so they 
may be easily wiped off the plate; yet must possess sufficient 
cohesion and adhesion to enable them to adhere to the paper 
and lift from the engraved lines in a sharp, clean and unbroken 
manner. The ink must have a dry, polishing nature, and be 
free from any unduly coarse or abrasive ingredients that would 
cause rapid or excessive wear of the soft copper plates. This 
precludes the use of such ingredients as natural barytes and 
mineral blacks in these inks. 

The fact that the paper used in printing from copper plates 
is dampened before use makes it imperative that the ink maker 
use only pigments that will not bleed in water. The pigments 
used must also be fast to oil and varnish, since in this process 
of printing a rather thick film, or pile, of ink is laid on the 
paper, and any tendency of the pigments to bleed in oil will be 
amplified greatly by the thickness of the film. A good method 
of testing a plate ink before use is to make a few impressions 
with it, or a few heavy tap-outs on bond paper. Allow these 
to dry thoroughly and note any stain or bleed that has taken 
place around the characters or pile of ink. Then place each of 
these sheets of paper between a number of sheets (about six) 
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of plain bond paper, of the same size, but which have been 
dampened previously. Weigh the pile down in a manner that 
will approximate the conditions that will prevail in a pile of 
printed stock, and allow the whole to remain untouched over- 
night. It might be well to cover the entire pile with dampened 
cloth to prevent the sheets from drying out during the test. 
The next morning examine the sheets carefully for evidence 
of stain, and note particularly the number of plain sheets on 
each side of the printed ones that show traces of. color. A satis- 
factory plate ink should not stain any of the plain sheets. It 
will be found that many of the pigments used in making typo- 
graphic inks are unsuited for use in plate inks because of their 
tendency to bleed in either water or varnish. 

The vehicle should consist of only the best grades of burnt 
or heat-bodied plate oils, properly combined or blended, to 
produce an ink having the desired physical properties. The 
ink should be heavy enough to give fine, sharp lines without 
squashing or slurring, but should not be so heavy as to make 
it difficult to wipe and polish the plate. 

Sufficient plate ink drier, composed of lead acetate, borate 
of manganese and zinc sulfate ground into a thin boiled oil, 
is incorporated by the inkmaker into each ink to-insure the 
formation of a through-dried film within a reasonable period 
of time, say within twelve hours, when the sheets are printed 
damp and stacked in piles without free access to air. If wiping 
difficulties are encountered, the addition of a small amount of 
very thin plate oil will relieve the condition. If the ink is too 
thin and squashy, addition of dry Paris white (calcium car- 
bonate ), worked well into the ink, will overcome the difficulty. 


STEEL PLATE ENGRAVING INKS 


Steel plate engravings are used whenever it is desired to 
obtain the distinctive appearance of copper plate engravings 
on longer runs than the copper plates will stand. The method 
of engraving steel plates is similar to that used in engraving 
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copper plates, except that steel, being a much harder metal, 
is more difficult to engrave and, hence, steel plate engravings 
generally cost more than copper. The lines may be engraved 
either by hand, or by means of the engraving machine. It is 
also possible to transfer halftone or line negatives to steel 
plates by photographic means and, hence, to obtain more ac- 
curate reproductions of certain subjects than would be pos- 
sible by hand tooling alone. The steel plate is then etched and 
finished in a manner similar to that used in making ordinary 
halftone and line etchings, except that considerably more hand 
tooling is generally required. é' 

Steel plate printing is used largely for the production of 
bank notes, bonds, stock certificates, letterheads and other 
high-grade commercial work. The printing may be done either 
on a hand press, as described under copper plate engrav- 
ing, or it may be done on special power presses of either 
the flat-plate or rotary type. Although, when using the flat- 
plate power press, the sheets must still be fed in one at a time, 
the inking, wiping, polishing and printing operations are done 
mechanically at a much greater speed than is possible by hand 
printing. On the rotary plate press, the paper is fed from a roll 
or web, and rewound into a roll between a strip of waxed- 
paper “slip sheeting,” which prevents offsetting until the ink 
has dried. The curved rotary plates are considerably more ex- 
pensive than flat plates, but for long runs, the difference is 
soon made up in much greater speed of printing. 

For long runs of steel plate printing, transfers or duplicates 
of the plates are made, so that more than one copy of the 
subject may be printed at the same time. This is accomplished, 
usually, by case-hardening the original steel plate engraving 
and obtaining an impression of it in a soft steel roll. The en- 
graving on this soft steel roll is, naturally, in reverse. After 
case-hardening, it may in turn be used to make any number 
of impressions on soft steel plates that will be fairly accurate 
duplicates of the original. There are several methods in use for 
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hardening the surface of steel plates, such as plating them elec- 
trolytically with chromium or cadmium, or merely by case- 
hardening with cyanide, or other chemicals, in furnaces. 

The inks for steel plate printing are similar to those used on 
copper plates, except that they may contain slightly coarser 
pigments, with consequent greater ease of wiping and polish- 
ing, than the copper plate inks. This is possible because of the 
much harder surface of the steel plates. The inks designed for 
use on power presses must be made considerably softer than 
those formulated for hand press use. Frequently, the use of a 
vehicle composed entirely of a mixture of #000 and #0 plate 
oils, without the addition of any heavier or stouter grade of oil, 
will give excellent results on power presses. Highly satisfac- 
tory steel plate inks have been formulated with vehicles com- 
posed entirely of heat-bodied linseed oil varnishes, or of par- 
tially blown oil, in place of the more expensive true burnt plate 
oils. Recently, synthetic type vehicles composed of fast drying 
oils like chinawood, combined with modified phenolic resins, 
have been introduced. These cause the inks to dry much faster 
and to considerably harder films than straight-bodied linseed 
oil vehicles. This trend is increasing and eventually the use of 
burnt plate oils may become obsolete. 

As with copper plate inks, the best drier to use is a special 
grade of paste drier that is made especially for use in plate 
inks, These are sometimes called “patent” driers. These driers 
not only impart the required hard drying results, but also tend 
to improve the wiping and polishing properties of the inks. 


STAMPING INKS 


Die stamping, or die engraving, is an intaglio process that 
combines both printing and embossing in a single operation. 
The process of engraving a steel die is similar to that em- 
ployed in the engraving of copper and steel plates, except that 
the lines are cut or engraved to a much greater depth. As the 
hand tooling required to produce a die of such accented depth 
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is quite expensive, it is the usual practice to etch the charac- 
ters with acid to the approximate depth desired and then to 
finish off with a minimum amount of hand tooling. The dies 
are duplicated and hardened by a method similar to that de- 
scribed under the engraving of steel plates. 

The printing and embossing is done usually on a power 
embossing press, of which there are several well-known makes. 
These presses ink the die, wipe the excess ink off the surface, 
and make the impression; all at a speed equivalent to that of 
an ordinary hand-fed job printing press. The press is equipped 
with a sliding table, or bed, which carries the die under a 
stockinette (a rough, stocking like cloth) covered ink roller, 
which forces the ink into the lines of the die, and then under 
the wiping mechanism, which consists of a continuous roll of 
paper against which the die is pressed and wiped. The wiping 
mechanism is so geared as to present a clean surface of paper 
for each impression. 

After being wiped, the die is brought to its most forward 
position, which is directly under the counter-block. This con- 
sists of a heavy cardboard packing against which the die has 
been forced with great pressure to produce a reversed, or 
male, impression of the die. The surplus cardboard surround- 
ing the impression on the counter-block is cut away carefully, 
so as to leave a matrix which will confine the pressure to the 
lines or area of the die. The sheets are fed between the die and 
the counter-block and the impression is made by a direct up 
and down striking movement of the counter against the die, 
under great pressure. 

It generally requires two persons to operate a power em- 
bossing press; one to feed the sheets, and the other to lay them 
out in racks for drying as they come off the press. Owing to 
the heavy layer of ink that is applied to the printed and em- 
bossed sheets, several hours are generally required for the dry- 
ing, unless exceptionally fast drying inks are used, or the sheets 
are force-dried under low heat in a special oven. Some of the 
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more modern types of presses are equipped with automatic 
feeding devices and even with conveyors to carry the printed 
sheets into the oven. 

There are two general types of inks used for steel die print- 
ing, gloss inks, and those that dry with a dull, or plate, finish. 
The gloss inks show up best when printed on hard-finished 
papers, while the dull inks are best adapted for use on the 
softer, matte-finished antique-type stocks. The consistencies of 
both types of inks should be such that the inks will be heavy 
enough to print sharply and not squash out of the lines of the 
die during the stamping operation, and still be thin enough to 
distribute readily from the ink roller and wipe easily from the 
face of the die. The inks should be just long enough, ie., fluid 
enough, to flow into the lines of the die, since an ink of too 
great length will be drawn out of the lines of the die during 
the wiping operation, and will use too great a length of wip- 
ing paper for each impression. An ink of approximately the 
correct consistency will just about flow off an ink knife when 
it is held up, and the thread or string of ink will break off at 
a rather short distance from the knife. The gloss inks will, nat- 
urally, have a somewhat longer string than the dull inks due 
to the large amount of gloss varnish used in their formulation. 

The vehicle used in the gloss stamping inks consists of vari- 
ous gums dissolved in turpentine, or other solvent of medium 
volatility; while dull inks are formulated with a vehicle con- 
sisting of dull-setting gum dissolved in a mineral solvent, such 
as substitute turpentine. Due to the thick film of ink applied to 
the paper in the stamping process, and to the fact that the 
printing is done mainly from the overtone of the ink, the inks 
need not be very concentrated tinctorially. A satisfactory pig- 
ment base might consist of equal part, by weight, of blanc fixe 
and precipitated calcium carbonate, together with about five 
per cent of a strong organic toning pigment such as lithol red 
or methyl violet. 
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Only a small amount of drier is used in the formulation of 
gloss stamping inks because of the small amount of drying oils 
present and the rapidity with which the gloss varnish dries 
and sets of its own accord by evaporation. A small percentage 
of paste drier is sufficient for most purposes and the printer 
would do well to refrain from adding additional drier himself 
unless conditions warrant it. Too much drier may cause the 
inks to form a surface skin, with soft ink underneath, and 
thereby introduce just the difficulty it is hoped to overcome. 

Water color stamping inks produce beautiful results and 
have found some application in the production of fine grades 
of fancy greeting cards. The vehicle portion of these inks con- 
sists of a water color “varnish” composed of a solution of gum 
Arabic, yellow dextrin, glycerine, and sufficient water to give 
a consistency like heavy cream. A preservative such as carbolic 
acid, formaldehyde, sodium fluoride, or a strong essential oil, 
must be added to prevent fermentation of the solution. The 
pigment portion of these inks is essentially the same as that 
used in the gloss and dull “oil” inks. Soaps, or other shorteners, 
are sometimes added to improve the working and wiping 
properties. 


PHOTOGRAVURE INKS 


The photogravure process is an adaptation of the copper 
plates process to the printing of photographic subjects. Photo- 
gravure, while not used often anymore, is well suited to the 
printing of portraits, art calendars, greeting cards, and illus- 
trations for fine books. The process is essentially as follows: a 
photograph is taken of the original subject, and the negative 
is used to obtain a transparent positive, or print. Any retouch- 
ing which may be required is done on this transparent posi- 
tive. Meanwhile, a sheet of copper, of the size required for the 
plate, is carefully cleaned with acid, dried and placed in a 
graining box. Here it is coated with finely ground rosin, drag- 
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on’s blood, or bitumen, which is subsequently burned on by 
heat. Varying the amount of powder causes the variation in 
grain necessary for different subjects. This grain resists the 
etching fluid, and it is through the interstices in the grain that 
the bare copper is etched to form the minute, uneven pockets 
that hold the ink. The transparent positive, obtained as above, 
is used to prepare a print on a sensitized sheet of autogravure 
tissue, which is a sheet of special paper coated with bichro- 
mated gelatin. The exposed tissue is superimposed, in the cor- 
rect position, on the grained copper plate, and, after soaking 
for a few minutes, the paper is removed, leaving the gelatin 
image on the grained plate. The soluble portions of the gela- 
tin, that were not acted on by the light, are washed away, and 
the plate is allowed to dry. When dry, the back of the plate, 
and the portions that are not to print are painted over with an 
acid resist and the remaining portions of the plate are then 
etched in a solution of perchloride of iron. Several “bites” with 
the acid solution are given, as in making a halftone plate on 
copper, until the required depth is obtained. After etching, all 
the gelatin, grain and resist are removed with hot caustic, and 
the plate is thoroughly cleaned and polished with a mixture 
of whiting and water. The plate is next proved up and re- 
touched where necessary. The plates may then be chrome- 
plated to prolong their useful life. 

The same inks may be used as are employed in copper 
plate printing, provided they possess the necessary tinctorial 
strength. The shallow pockets of the photogravure plate do 
not permit carrying the large amount of ink that may be safely 
carried in an engraved plate and, therefore, photogravure inks 
must be made considerably stronger than ordinary copper 
plate inks, and must also be more thoroughly dispersed or 
ground. Photogravure black ink usually contains a percentage 
of either strong lamp black or acid-treated bone black to for- 
tify and tone the relatively weak hard and soft blacks that 
form the bulk of the pigment portion of the ink. Lampblack 
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for this purpose was formerly sold as “photogravure black.” 
Photogravure plates are generally printed by hand on damp- 
ened paper, although power presses have been used success- 
fully. Since the paper is dampened before use, the pigments 
used in these inks must not bleed in water and must meet the 
other specifications outlined under copper plate inks. 


ROTOGRAVURE INKS 


Rotary photogravure, or simply rotogravure, is an intaglio 
printing process in which the impression is obtained from an 
etched copper roll instead of from a flat plate. The process 
originated in England, and was used for the printing of fab- 
rics, wallpaper, linoleum, oilcloth, etc., as early as 1858. Today, . 
it is used largely for the reproduction of photographs, news- 
paper picture supplements, inserts for magazines, whole mag- 
azines, and other pictorial printed matter that is to have wide 
circulation. It has also entered the field of label printing and 
is being used for printing chewing gum labels, candy bar 
labels, beer and beverage labels, and especially for printing on 
metal foils and cellophane. The volume of printing done by 
this process is increasing constantly, and rotogravure has re- 
placed letterpress and lithographic printing, in some instances. 
The printing done by gravure is characterized by its softness 
and wide range of tonal values or densities. By varying the 
depth of the engraving, the density may be varied from an 
almost imperceptible highlight to a dense solid. Moreover, the 
printing is almost free from the screen-like effect usually ap- 
parent in halftone printing. 

The essential difference between the photogravure and roto- 
gravure process, in so far as the preparation of the plates is 
concerned, lies in the fact that the former has a mechanically 
deposited grain as its base, whereas in rotogravure a special 
kind of ruled screen is employed. A photographic negative of 
the subject is obtained, from which a transparent positive on 
glass is made. Any retouching found necessary is done on this 
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positive. Next, a piece of so-called carbon tissue, sensitized 
with bichromatized gelatin, is placed next to the film side of 
the glass plate, on which the positive has been made. The posi- 
tive and tissue are then exposed to the light of a carbon arc 
light, or mercury vapor lamp, for the required length of time. 
After this exposure, the carbon tissue is again exposed, but this 
time beneath a ruled, cross-line screen. The screen is similar 
to that used in making halftones, with the exception that the 
lines are much finer, and, since the lines are made from a 
positive, they are white and clear, instead of black and opaque 
as in the halftone process. In other words, the screen is just 
the reverse of that used in making halftones. The ratio of the 
area covered by the lines to the opaque area is about one to 
four in this process; whereas the ratio in the halftone process 
is about one to one. 

The copper cylinders on which the etching is made vary in 
diameter from about four to sixteen inches, and in length from 
about twelve to seventy-four inches, or even longer for some 
presses. They are coated with a very pure grade of electrolytic 
copper and are carefully turned and polished to a smooth and 
even surface. The exposed carbon tissues are soaked in water 
and placed on the surface of the copper cylinder in exactly the 
proper positions for printing, according to the composition 
desired. Further soaking removes the paper backing of the 
tissues and dissolves out the portions of gelatin coating that 
were unaffected by the light during exposure. The cylinder is 
then dried thoroughly, and the portions that are not to print 
are painted over with an acid resist, such as asphalt varnish. 
The cylinder is then rotated in a bath of perchloride of iron 
until it is etched to the proper depth for printing. It will be 
observed that the design on the gravure cylinder is composed 
of minute pockets, which hold the fluid inks; whereas in letter- 
press halftone printing the design on the plate consists of a 
series of raised dots. Type matter is transferred to the cylinder 
by a separate operation, in about the same manner as the pic- 
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tures, except that no screen is used. The resist is then washed 
off the cylinder, which is now ready to be placed in position on 
the press. 

There are two types of rotogravure presses in common use, 
the web rotary which prints from 5,000 to 25,000, or more, im- 
pressions per hour, and the sheet-fed rotary which prints up 
to 5,000 impressions per hour. The former is used for news- 
paper supplements and magazines, long runs of labels, etc., 
where speed is the primary requisite, while the latter is em- 
ployed for general job work. In the web rotary, the paper is 
fed to the press from a continuous roll, and after being printed 
is cut into the correct size and folded by automatic machinery. 
The paper passes at high speed between the etched copper 
cylinder and the impression roller, which is covered with vul- 
canized rubber to partially squeeze the paper into the etching 
and to equalize slight variations in thickness of stock. The 
etched copper cylinder is inked either by revolving directly in 
the ink fountain, by flowing the ink over it from ducts, or less 
usually, by contacting a roller that revolves in the ink foun- 
tain and transfers the ink to the etched roller. 

Excess ink is removed by means of a thin steel “doctor 
blade” which presses lightly but evenly against the etched cyl- 
inder at an angle which affords the best wiping. Usually the 
doctor blade is connected with a mechanism that gives it a 
reciprocating, or lateral oscillating, motion across the cylinder. 
This equalizes wear and minimizes the formation of scratches 
and streaks on the surface of the soft copper roller. The doctor 
blade not only partially controls the amount of ink left in the 
engravings, but also removes it entirely from the plain sur- 
faces, where the cylinder is not etched, to leave clean margins 
on the finished sheets. 

Rotogravure ink differs from that used in letterpress and 
other printing processes by being much thinner and of an al- 
most tackless nature. It must be entirely free from gritty par- 
ticles that might lodge behind the doctor blade and scratch the 
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soft surfaces of the cylinders, thereby showing up as long 
streaks on the printed sheets. The ink must dry very rapidly 
by a combination of evaporation and penetration. Most mod- 
ern presses are equipped with hot-air heating chambers to 
. accelerate the drying of the inks. This is especially desirable 
on multi-color presses, where each color should be “set” before 
the next color is applied. These heating devices are equipped 
with exhaust fans and ducts to remove the volatile, inflam- 
mable and, not infrequently hazardous, fumes that are driven 
off. Gravure inks must have low surface tensions, so that they 
will rapidly and completely fill the cavities of the engraving, 
and produce smooth, non-mottled results. However, the ink 
must still possess sufficient cohesion and adhesion to enable it 
to adhere properly to the paper and to leave the engraved 
pockets in a clean manner. In addition to these properties, the 
ink must also possess sufficient tinctorial strength to give rich, 
full-bodied solids and bright, clean middletones. 

Inkmakers have found that the usual drying oils and var- 
nishes used in letterpress and offset inks, and in steel plate 
inks, are much too viscous and slow drying for adaptation to 
the rotogravure process, and new, thin-bodied, very fast dry- 
ing vehicles possessing good pigment-binding and wetting 
properties had to be designed specifically for rotogravure inks. 
These vehicles consist essentially of various resins, gums, or 
cellulosic materials dissolved in active, volatile solvents. 

Since most resins require specific solvents in order to be 
maintained in solution, additions of other types of solvent can 
cause the resin to become insoluble and precipitate out of 
solution, introducing serious difficulties. Furthermore, not all 
solvents are miscible with each other, and mixing two incom- 
patible solvents can cause the loss of solvent power of either 
or both of them. It is therefore cautioned that rotogravure inks 
made with gasoline-type solvents should not be mixed with 
rotogravure inks containing alcohol as solvent. 
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Following is a list of the most widely used classification sys- 
tem for rotogravure inks: 


























Type Resins Used Solvents Used 

A limed rosin aliphatic hydrocarbons of low 
zincated rosin boiling range similar to gasoline 
gilsonite and various other 
natural and synthetic resins 
soluble in aliphatic hydro- 
carbons 

B ethy] cellulose, usually mod- | alcohols, esters, ethers and ke- 
ified with other compatible | tones such as ethanol, ethyl 
resins acetate, methyl-ethy] ketone 

Gy nitrocellulose, often mod- | alcohols, esters, ethers and ke- 
ified with other compatible | tones, as above, and usually 
resins blended with various amounts 

of aromatic hydrocarbons such 
as toluol, xylol, ete. 

a chlorinated rubber, mod- | aromatic hydrocarbons, such as 
ified with other compatible | toluol, xylol, or high-flash 
resins naphtha, almost exclusively 

Ww natural or synthetic resins | water and alcohol containing 

(or water | such asshellac, proteins and | ammonia or other alkalies 
type) certain rosin-modified prod- 
ucts which can be put into 
solution in ammoniacal 
| water 
alcohol-soluble resins such | ethanol almost exclusively, al- 
(or alcohol | as shellac, manila gum, pro- | though small amounts of alco- 
type) teins, etc. hol-ethers such as Cellosolve, 
etc. are sometimes added. 








Soon after the introduction of the newer types of rotogra- 


vure inks it became apparent that some method of classifying 
them as to resin and solvent-type content was required to pre- 
vent confusion and to avoid difficulties arising from attempt- 
ing to mix incompatible types of inks, or reducing them with 
incompatible types of solvents. It was decided, therefore, to 
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set up a universal classification or type system to accomplish 
this purpose. In this system, all inks and solvents of the same 
type can be safely mixed, and inks of different types can not 
be safely mixed. Even when using the system, some discretion 
should be used, however, since inks of the same type from 
different manufacturers sometimes are not wholly miscible. 

From the pressman’s standpoint it is essential that only inks 
of the same type be mixed together and the correct type of 
thinner be used with each. This must be kept in mind at all 
times, because it is not unusual to be running inks of two or 
more types on the same press at the same time. 


Chapter 18 


NEW TYPES OF INKS 


a RAPIDITY with which new or improved types of inks are 
being developed indicates quite clearly that the printing 
ink industry is in the process of almost complete technical re- 
vision. Several factors appear to be contributing to this change; 
these include the much greater emphasis being placed on re- 
search by the ink industry; the final realization that linseed oil 
vehicles are deficient in drying speed and other properties; 
the introduction and acceptance of a large number of new 
and improved raw materials, especially new resins; and the 
demand by the graphic arts industries for better-appearing, 
better-working and faster-drying inks. 

Until fairly recently, the printing ink industry seemed will- 
ing to take a back seat and allow the printing press and paper 
manufacturers to make improvements independently and then, 
almost as an afterthought, to call upon the ink maker to adapt 
his inks to the new conditions. The outstanding example of the 
reversal of this procedure is afforded by the development of 
heat-set or “flash-dry” inks by several of the larger ink manu- 
facturers. Full advantage of the improvements in press speed, 
rapidity of drying and ease of handling of the printed sheets, 
made possible by the introduction of these inks, could be ob- 
tained only by profound changes in press design and proce- 
dure. Thus, at last, the ink maker has taken his rightful place 
as a leader in technical development in the printing industry. 

Many new types of inks have been developed since suitable 
raw materials and “know how” have been available to the 


printing ink industry. Among these may be mentioned syn- 
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thetic lithographic and offset inks; wax-set inks; steam or mois- 
ture-set inks; cold-set inks; “Wink-dri” inks (trade mark of 
F. G. Okie Company); cellulose and resin-based high-speed 
rotogravure inks; and aniline inks. The ink maker of today 
must be as familiar with the properties and uses of synthetic 
resins, solvents and elastomers, as he is with the various dry 
colors, oils and driers. 


THERMO-SETTING INKS 


Thermosetting, or heat-set, inks depend for their success 
upon the use of a special vehicle composed of a slightly plas- 
ticized synthetic resin dissolved or dispersed in a mineral oil 
or organic solvent having a fairly narrow boiling range and a 
low vapor pressure at room temperature, but with a high vapor 
pressure at elevated temperatures. In simpler terms, this means 
that the solvent should be stable on the press at room tempera- 
tures, but highly volatile when heated. The usual resins em- 
ployed are either of the modified phenolic or maleic classes 
and are characterized by their rapid release of solvent at ele- 
vated temperatures and by their freedom from stickiness or 
tack at room temperatures. The solvents are generally special 
petroleum fractions having boiling ranges lying between 400 
and 550 degrees Fahrenheit. They must possess satisfactory 
solvency for the resins employed and be free from “heavy 
ends” and objectionable odors. 

Since these vehicles do not carry heavy, chalky pigments 
quite as well as do the usual linseed oil vehicles, it is essential 
that the ink maker employ only soft, good-working pigments 
in the formulation of heat-set inks. The inclusion of driers in 
the inks is usually unnecessary, since the inks dry mainly by 
evaporation, or combustion, of the solvent at elevated tem- 
peratures. However, a small amount of wax may be incorpo- 
rated to give “slip” to the dried film and to reduce the tend- 
ency to offset should the inks be not quite dry when the 
printed sheets or rolls come from the heaters. Wax also in- 
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creases the press-stability of the inks by forming a thin, pro- 
tective wax film over the ink in the fountain, thereby minimiz- 
ing loss of solvent by evaporation at room temperatures. 

Nothing should be added to heat-set inks without consulting 
the ink maker, since the addition of certain oils and com- 
pounds will ruin the inks. A small amount of mineral oil sol- 
vent, of exactly the same type as used in making the inks, may 
be added to reduce consistency and tack. The addition of kero- 
sene, or other common oils, should be avoided. 


SYNTHETIC LITHO INKS 


The adoption of synthetic resins in the preparation of vehi- 
cles for use in lithographic and offset inks has improved the 
working properties and speed of setting and drying of these 
inks; and, at the same time, has provided higher gloss and 
tougher films. In general, the alkyd resins have proved more 
useful in this connection than have the modified phenolic or 
other types of resins. 

Resins used as vehicles must be substantially free from any 
uncombined hydroxyl or carboxyl groups, which cause the 
vehicle to emulsify and mix with the dampening solution used 
on the lithographic or offset press. Low acidity is also essential 
to reduce the tendency of the ink to grease or scum while 
printing, since it has been proved most conclusively that high 
resin acidity tends to sensitize the non-image areas of the 
plates and cause them to accept ink. Low acidity is desirable 
also to prevent livering or thickening of the inks upon storage 
in the cans. 

Recently, so-called “heat-set offset inks” have appeared on 
the market and are gaining in favor in a number of instances. 
These inks are quite similar, in general formulation, to letter- 
press heat-set inks, except that the volatile solvents employed 
must be selected with even greater care to prevent emulsifi- 
cation of the inks and scumming difficulties. It is advisable to 
use synthetic rubber blankets when running these inks, as they 
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tend to soften and emboss ordinary rubber blankets. Modifi- 
cation of these inks by the pressman should be discouraged, 
since the addition of ordinary litho varnishes or compounds 
may interfere with the setting and drying of the inks. The 
manufacturer of the ink should be consulted regarding the 
proper reducers, driers and compounds to add. 


HOT WAX INKS 


The need for faster printing and handling of bread wrap- 
pers and other printed and waxed papers led to the develop- 
ment of hot wax inks. Formerly, it was necessary to print the 
rolls of paper and then rewind them and allow the ink to dry 
before they could be run through the waxing machines. The 
introduction of hot wax inks, and moisture-set inks, eliminated 
the need for two operations, since the stock can be printed and 
run through the waxing rolls immediately after printing, or, in 
the case of moisture-set inks, immediately after the ink has 
been set by exposure to steam or water spray. 

The older hot wax inks were based on a vehicle composed 
of a wax-insoluble alkyd resin dissolved in or extended with 
a wax-soluble or wax-miscible high boiling solvent, like di- 
methyl or di-ethyl phthalate. These inks acted on the prin- 
ciple that the melted paraffin dissolved or leached out suffi- 
cient solvent from the ink to yield a substantially dried film of 
alkyd resin and pigment under the paraffin coating. Even if 
the ink were not completely dry, the immiscibility of the alkyd 
with the paraffin prevented the ink from running and bleed- 
ing, and the film of wax over the ink prevented offsetting and 
smearing. The success of these inks also depended upon the 
ink maker’s care in using only those pigments which exhibited 
no bleed in either the phthalate solvents or in melted paraffin 
wax. 

After considerable experience with this type of ink, it was 
found that the wax bath would dissolve sufficient of the phthal- 
ate solvent to become contaminated and diluted, thereby 
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causing considerable difficulty. At about the time that this de- 
fect was recognized, moisture-set inks were being developed 
and introduced for this type of work. They proved so superior 
that they rapidly superseded the old type hot-wax inks. These 


new moisture-set inks are discussed at length in a later section. 


HIGH GLOSS INKS 


The production of successful high gloss inks depends upon 
the selection of a glossy, non-penetrating, not-too-tacky ve- 
hicle, combined with high-oil-absorbing, or non-chalky pig- 
ments, in the optimum ratio. Ordinary linseed oil lithographic 
varnishes are not suitable for the purpose, since they penetrate 
into the pores and interstices of the paper too readily, do not 
possess the necessary high refractive index, and do not exhibit 
sufficient flow or leveling properties after being printed. For- 
merly, the vehicles for practically all high gloss inks were 
made by dissolving natural resins, such as damar or copal, in 
bodied linseed oil, and then reducing the viscosity to the-fe- 
quired point with turpentine. The inks made with this type of 
vehicle were too tacky for good printing, and yet if the tack 
were reduced by incorporating other ingredients, the gloss suf- 
fered. The introduction of modified phenols resins, as well as 
phenolic modified alkyd resins, opened the way for the devel-— 
opment of satisfaetory high gloss inks. 

The pigments used in high gloss inks must be selected with 
great care, since it is evident that pigments differ greatly in 
their gloss-producing characteristics. In general, the best pig- 
ments for the purpose appear to be those that disperse well in 
the vehicles and which have the least adverse effect on the 
leveling, flow and other properties. Pigments possessing strong 
bronzing properties, those that are difficult to grind, or dis- 
perse, and those inclined to “float” to the surface of the ink, 
are not normally used in making high gloss inks since they 
tend to scatter the incident light rays at the “first surface” of 
the ink, and interfere with the formation of the microscopi- 
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cally smooth film which is essential for highest gloss. Cologs 
flushed into high gloss vehicles directly from. the pulp state 

ave been found highly useful in the production of hig gloss 
inks, probably because in the flushing process the pigme 
wetted better with the vehicle than when they are ground 
from the dry state. 

The nature of the paper stock, i.e., its porosity, degree of 
sizing, weight, type of coating, etc., has a marked bearing on 
the degree of gloss it is possible to obtain with a given ink, 
For best results, the te should be hard-sized, hard-calen- 





dered, and, if coated, should be coated with a good grade of 
satin white coating having a casein, or other protein, binder. 
Soft fuzzy stocks, or those having the usual clay coating with 
starch binder, are too soft and porous and permit too much of 
the ink vehicle to penetrate into the stock for good results. In 
other words, high gloss depends considerably upon the ink 
vehicle not being absorbed, or drained away, into the paper 
meer The vehicle must remain with the pigment to yield high 
gloss, sont eh vi 

Because the ink must remain on the surface of the stock in 
order to produce a high gloss, considerable difficulty with inks 
offsetting and the sheets sticking together may be experienced 
unless suitable precautions are observed. It is essential that the 
sheets be neither jogged excessively, nor piled too high after 
printing. They should be sprayed with a non-offset spray im- 
mediately after being printed and should be winded after 
standing for several hours. Consult your ink maker before 
making any additions or adjustments to these inks. 


ANILINE INKS 


So-called aniline printing was first introduced into the 
United States about twenty-five years ago. Ink makers at that 
time expressed little interest in developing inks for this method 
of printing, and printers who adopted the method were com- 
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pelled either to mix their own inks from alcohol, shellac and 
dye, or to purchase them ready-made from certain dye manu- 
facturers, who were glad to sell dyes in this form at a hand- 
some profit. The term “aniline ink” is really a misnomer, for 
while it is intended to imply that these inks are made from 
dyestuffs, but few dyes are derived from aniline, per se. Spirit 
ink would be a more accurate term and would include the pig- 
mented aniline inks, many of which have no dye at all in their 
make-up. 

The fact that spirit inks dry almost instantaneously, and that 
various stocks can be printed from the web and converted 
into bags, envelopes, etc., in one operation, has had much to 
do with the increasing popularity of this process for certain 
applications. Another factor which has led to the wider use of 
spirit inks is that they represent one of the best means for 
printing on cellulosic materials, such as cellophane, moisture 
proof cellophane, nitrate film, and the like. Opaque spirit inks 
find wider application than transparent inks for this purpose, 
since they provide greater contrast on transparent materials. 

Spirit inks consist, essentially, of dyestuffs or pigments dis- 
solved or dispersed in a quick-drying fluid vehicle. The sim- 
plest vehicle that has found widespread use consists of a solu- 
tion of shellac in denatured alcohol. Other resinous materials 
such as Manila copal, spirit-soluble ester gum, spirit-soluble 
phenolic resins, vinsol, and the like, may be used in place of 
the shellac or in combination with it to impart special prop- 
erties. In like manner, solvents other than denatured alcohol 
are being used. For instance, butanol is being used in appli- 
cations where denatured alcohol has been found to evaporate 
too rapidly; while methanol and ethyl acetate are being used 
to accelerate drying. The addition of “Cellosolve,” or “Butyl 
Cellosolve” (trade marks of Carbide & Carbon Chemicals 
Corp. New York) and other high-boiling solvents are made 
frequently to improve the working properties of spirit inks. 
These “high-boilers” are especially effective in pigmented 
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spirit inks to help prevent filling in or caking of the pigments 
on the rubber printing dies. 

Almost any acid or basic dye may be used in the prepara- 
tion of straight dyestuff inks, provided, of course, that it is 
sufficiently soluble in the solvents employed to yield solutions 
of the required color strength. In general, basic dyes are 
stronger and more brilliant than acid dyes, but are more fugi- 
tive to light. The solubility of basic dyes in alcohol may be 
improved by the addition of a little acetic acid and “Cello- 
solve,” which act to reduce the interfacial tension between the 
dye powder and the alcohol, permitting more rapid wetting 
and speed of solution. 

Pigmented spirit inks were developed to overcome the short- 
comings of the straight dyestuff inks, such as lack of sufficient 
opacity, poor light fastness, bleeding in water, solvents, etc. 
Almost any soft-grinding organic or inorganic pigment may 
be used in their preparation, although the ink maker usually 
avoids the use of any pigments that exhibit more than a slight 
degree of settling in the particular vehicle he is using. The 
same vehicles may be used in the pigmented inks as are used 
in the straight dyestuff inks; however, it is usual to incorporate 
more resinous binder in the pigmented inks to prevent the pig- 
ment from powdering off the paper when the ink has dried and 
to impart improved adhesion and flexibility to the ink film. 

Several of the new high polymer plastic resins, such as the 
vinyls, allyl starch, polyamides and the amino compounds, 
have demonstrated their value as binders for certain types of 
spirit inks, especially those designed for application to plastic 
surfaces. However, many of the virtues of several of the high 
polymers are offset by the fact that they require expensive, 
strong, or odorous solvents to obtain solutions of sufficiently 
high solids content and low enough viscosity for practical ap- 
plication. 

Water-base aniline inks are also being used for some appli- 
cations, such as the printing of bags and lamp wrappers. These 
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inks are based on vehicles containing shellac or casein, or 
other protein binder, dissolved in a dilute solution of alkali in 
water. Pigments are incorporated in the usual manner to pro- 
duce inks having good opacity and drying properties. Water- 
base inks are suitable only for printing on relatively absorbent 
paper stocks, as they will not adhere properly to plastic sur- 
faces. 


STEAM-SET OR MOISTURE-SET INKS 
The development of typographic inks, which set rapidly 


when subjected to steam or a fine mist or spray of water, re- 
presents a further important step forward in that it has extended 
high speed printing methods into fields where vapor-set ap- 
paratus is too hazardous, expensive or cumbersome. The new 
method has met with particular success in the printing of milk 
containers, frozen food containers, paper cups, wrapping ma- 
terials, corrugated containers, and in other places where rapid 
printing and handling of the printed matter is important. 
These new inks are being used in considerable volume in the 
printing of paper match books, where the open flames or heat- 
ers employed in the vapor-set process are prohibited. 

The steam-set process consists, essentially, of printing with 
special hygroscopic inks, and then passing the freshly printed 
material through, or under, a steam box where live steam is 
permitted to impinge on the printing, setting it almost in- 
stantly. Steam-set inks consist of pigments ground in a vehicle 
composed of a water-insoluble binder dissolved in a water- 
miscible, or water-receptive, solvent. Upon subjecting the 
printing to either steam or a fine mist of water, the water- 
miscible solvent picks up some of the water, which causes the 
water-insoluble binder to precipitate out of solution in the sol- 
vent and bind the pigment firmly to the paper. The liberated, 
diluted solvent is then absorbed into the fibers of the paper, 
and a water-insoluble film of ink remains on the surface of the 


paper. 
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The pigments used in steam-set inks must be selected with 
great care since many pigments such as peacock blue, Persian 
orange lake, and the phosphotungstic and phosphomolybdic 
toners tend to liver and thicken quite rapidly when ground 
into these highly acid, flocculation-inducing vehicles. 

While steam-set inks print sharply and smoothly, certain 
precautions must be observed in their use to achieve satis- 
factory results. Due to their glycol content, they tend to soften 
and eventually to dissolve ordinary glue-glycerine composition 
rollers. Therefore, synthetic rubber rollers must be used when 
running steam-set inks. Moreover, they are totally immiscible 
with oils or ordinary oil-base inks, and the last traces of these 
inks must be removed from the fountain, rollers and plates by 
washing them thoroughly with denatured alcohol before they 
will accept steam-set inks. Additional precautions must be ob- 
served on very humid days, when there is sufficient moisture 
of condensation on the rollers and plates to prevent them from 
being wetted by the ink. The ink maker should be consulted 
for means to overcome this condition, but usually the addition 
of some “Butyl Carbitol” or “Butyl Cellosolve” (trade marks 
of Carbide and Carbon Chemicals Corp., New York) will re- 
lieve the problem. Difficulty is sometimes experienced with 
these inks drying up on the ends of the rollers, especially if a 
light form is being run. The ink maker can usually correct this 
condition by reformulating the inks with a somewhat slower- 
drying glycol, or by adding a special compound to the inks. 

Washing up of the press may be accomplished readily by 
using a mixture of denatured alcohol and Butyl Cellosolve. 
The addition of a small amount of mono-calcium phosphate to 
the wash-up solution is recommended to prevent rusting or 
corrosion of the metal parts of the press. 


PRESSURE-SET TYPOGRAPHIC INKS 


A fairly recent development in the field of fast setting letter- 
press inks, adapted principally for application to coated papers 
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and other relatively absorbent surfaces, are the so-called “pres- 
sure-set” or “Wink-dri” inks (trade mark F. G. Okie Co. 
of Philadelphia). These inks are based on vehicles com- 
posed of colloidal solutions, or sols, of cyclized synthetic or 
natural rubbers blended with synthetic resins dissolved in 
high-boiling hydrocarbon solvents. Some ester-type solvents 
also may be added to increase the solvency of the hydrocarbon 
solvents. The cyclized synthetic or natural rubbers are a prod- 
uct of the Goodyear Tire and Rubber Company, of Akron, 
Ohio, which firm has conducted extensive research directed 
toward the improvement of these novel inks. 

Synthetic resins of either the modified phenolic or maleic 
types are used in conjunction with the cyclized rubber to 
obtain improved length, flow and general working properties, 
and also to reduce the “stringing,” “flying” or “webbing” intro- 
duced by the rubber compounds. The higher the ratio of syn- 
thetic resin to rubber, the slower becomes the setting time of 
the inks, but distributing properties are improved and “flying” 
or “misting” is minimized. At present, these inks are suitable 
only for typographic printing on absorbent stocks; further re- 
search may expand their field of application. 

The physical chemistry behind the success of these inks lies 
in the fact that as soon as the inks are impressed on absorbent 
paper stocks, a portion of the solvent is absorbed into the 
paper, causing the remainder of the ink to set, or gel. This 
principle of drying may be accomplished with other types of 
formulation and progressive printing ink manufacturers are 
exploring these possibilities with enthusiasm. 


SILK SCREEN INKS 


The silk screen method of reproduction is not new; the 
Egyptians and later the Chinese made tapestries and other 
decorative pieces by a method which did not differ in its essen- 
tials from the process as used today. By silk screen printing is 
meant the forcing of a short ink, or paint through the open 
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meshes of a screen or fabric on which the design which it is 
desired to reproduce is painted or “blocked out.” 

In the simplest application of the process, fine silk bolting 
cloth is stretched over a rectangular wooden frame, generally 
made of 2 by 8 inch straight-grained pine, the cloth being 
securely fastened to it by means of tacks, or preferably by 
wooden strips or wedges set in corresponding grooves in the 
bottom of the frame. The design to be printed is drawn or 
copied on the taut silk. All portions that are not to print are 
then carefully blocked out by hand by painting over them 
with a specially prepared nitrocellulose lacquer or watercolor 
base. Care must be exercised to make sure that no pin holes 
or “holidays” are left in this coating through which the ink 
may subsequently be forced, thus detracting from the neatness 
of the finished work. 

When completely dry, the frame is hinged to a flat wooden 
baseboard equipped with guides to register the sheets prop- 
erly as they are printed. Ink or paint is then placed in the box 
formed by the frame and silk screen; the paper or object to 
be printed is placed under the screen and the impression is 
made by drawing a squeegee, i.e., a rectangular strip of rubber 
set in a wooden handle, over the screen. This action forces the 
ink through the open meshes of the screen and onto the ma- 
terial being printed. The first two or three copies are likely to 
be imperfect, as the silk absorbs a certain amount of the oils 
and varnishes in the ink and it requires several impressions to 
saturate the fibers and overcome this condition. 

This is the simplest form of silk screen printing. There 
are many more complicated and elaborate methods in use, 
whereby the design is placed on the screen by photographic 
means; or the stencil is first cut in celluloid or other plastic 
material and subsequently glued to the silk screen. In any of 
these methods, multicolor work may be reproduced from the 
same screen by blocking out the portions not desired for the 
first color with a water-filler such as gum arabic solution, 
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which may subsequently be washed out and more solution 
applied to other portions of the screen for the second or suc- 
ceeding colors. 

The inks or paints used in silk screen printing must be spe- 
cially formulated and carefully prepared, if good results are 
to be obtained. In the early days of silk screen printing many 
operators used ordinary house paints, from which the excess 
oil had been poured, for this purpose; but it was soon found 
that these did not have the required body, fineness and other 
properties required for best results. A good silk screen ink 
should have a fairly short, non-oily consistency. The shortness 
is essential to prevent drag on the squeegee and to insure 
sharpness of the print; the non-oiliness is important to prevent 
the formation of oil-rings or “halos” around the finished work. 
The ink should break with a short thread when drawn out 
between the fingers, and should not be tacky or gummy. An 
ink having the desired characteristics will run over the screen 
easily, and will not require excessive pressure on the squee- 
gee. It will also permit the processed or printed matter to drop 
easily from the screen without leaving “fuzzy” edges. 

The best silk screen inks for all-around use seem to be pre- 
pared by grinding strong pigments into a vehicle composed of 
chinawood or dehydrated castor oils, synthetic resins, boiled 
linseed oil and either kerosene, varnolene or solvent naphtha. 
The pigments used in silk screen inks should have good color 
strength and a fine, smooth texture so that the ink will not have 
to be piled onto the surface being printed to obtain the proper 
coverage or opacity, and so that the fine meshes of the screen 
will not be clogged with coarse particles or aggregates of pig- 
ment. The best-working pigments are those that produce short, 
butter-like inks and that have sufficient affinity for the vehicle 
to prevent it from bleeding away from the pigment and caus- 
ing unsightly rings of oil or pigment around the outlines of the 
printing. Contrary to general belief, earth pigments such as 
the umbers, ochres and siennas, are generally too coarse and 
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gritty to be used in silk screen inks. Their poor color strength 
is another factor limiting their use. 

Many beautiful effects are obtained with water color silk 
screen inks. These inks are preferred to oil inks for inside 
displays, because they dry more rapidly and yield clearer, 
brighter colors. Needless to state, they are not suitable for out- 
door displays, unless the dried ink is protected with a coat of 
clear varnish or lacquer. 

The vehicle for a water color silk screen ink is composed of 
an aqueous solution of either shellac or casein, peptized, or 
made soluble in water, by the addition of an alkali such as 
borax, soda ash or ammonia. Sulfonated oils are sometimes 
added to stabilize the mixtures; while either glycerin, ethy- 
lene glycol or honey may be added to slow up the drying and 
assist in keeping the screens clean. However, care must be ex- 
ercised not to add too much of these materials, or the inks will 
never dry properly. The pigments employed must, naturally, 
be resistant to the mild alkali used in the vehicle. Fused por- 
celain-on-metal signs, etc., are processed with inks similar to 
these, except that the usual pigments are replaced with easily- 
fusible, insoluble metal salts and oxides to impart color to the 
finished material. After printing, these signs are baked at high 
temperatures to drive off the volatile constituents and to fuse 
the salts and oxides into hard, porcelain-like surfaces. 


METALLIC INKS 


Metallic inks consist of suspensions of fine metal powders 
in vehicles, which serve the dual purpose of carrying the 
powders and binding them firmly to the surface being printed. 
Because of the attractive, rich appearance generally imparted 
to printed matter through the medium of metallic inks, they 
have enjoyed a considerable amount of popularity, particu- 
larly on high quality work. Early metallic inks were based on 
coarse metallic powders suspended in a vehicle composed of 
natural resins and waxes dissolved in linseed or chinawood oil, 
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to which Canada balsam or Venice turpentine was frequently 
added to improve binding properties. These inks, due to their 
poor working properties, coverage and binding properties, 
gave considerable trouble in use, and led many printers to be- 
lieve that all metallic inks were impractical. Echoes of this 
feeling still persist in the minds of some printers, in spite of 
the vast improvements made in metallic inks during recent 
years, or rather since the introduction of metallic ink vehicles 
based on synthetic resins. Marked improvements in the fine- 
ness, dispersibility and brilliance of the metal powders and the 
development of aluminum pastes, have been contributing fac- 
tors in the production of these improved metallic inks. 

The introduction of the first, practical modified phenolic 
resins, as developed in Germany by Doctor Kurt Albert and 
his colleagues, opened up an entirely new approach to the sub- 
ject of metallic inks. These resins, with their ability to remain 
on the surface of the paper and not be absorbed by the fibers 
or into the interstices between the fibers, made possible the 
formulation of metallic ink vehicles which could be applied to 
a wide variety of paper stocks, without undue danger of the 
varnish soaking into the paper and leaving the dry powder on 
the surface with no vehicle to protect or bind it down. These 
newer vehicles are generally prepared by cooking the resin 
into a mixture of chinawood and linseed oils at low heat, so 
that the resin is in the labile form and not in complete solu- 
tion. Various waxes, driers and reducers, such as light mineral 
oils, are then added to produce a vehicle of the correct vis- 
cosity, drying characteristics and stability. 

Bronze powders, such as aluminum, copper and alloy 
“bronzes,” consist of fragments of metal in the form of flakes, 
plates or flat granules. The flake form is the most desirable 
since, in this form, the minimum weight of metal will cover a 
maximum surface, and the particles will exhibit better “leaf- 
ing” properties and luster. Leafing or “mirroring” is the term 
describing the arrangement of the particles parallel to the sur- 
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face of the ink and overlapping each other like shingles, thus 
appearing to the observer as a smooth, essentially continuous, 
brilliant metal surface. The ability of bronze powders to float 
to the surface of the vehicle, in the same manner that a greasy 
needle will float on the surface of water, also serves to enhance 
the brilliance and metallic appearance of the ink films. Alumi- 
num bronzes, because of the almost perfect flake-like form and 
light specific gravity of the particles, possess better leafing 
properties than the so-called gold bronzes, the particles of 
which are somewhat more granular and of higher specific 
gravity. 

Bronze powders are manufactured by rolling annealed bars 
of the various metals and alloys into thin sheets, which are 
then shredded and stamped into fine flakes or particles by au- 
tomatic reciprocating hammers in a stamping mill. The most 
modern machines have vacuum systems by which the fine 
metal particles are drawn from the machines when they be- 
come of a certain fineness. They are then sifted automatically, 
and the finer grades are air-separated. By this means, the vari- 
ous grades of bronze powder are obtained. A small amount of 
lubricating compound, such as tallow, olive oil, etc., is em- 
ployed in the stamping operation to aid in the proper flaking 
of the particles. 

Following the stamping and sizing operation, the powder, 
together with some stearic acid, is placed in a drum provided 
with polishing brushes. These brushes travel over the inner 
surface of the drum, polishing the particles and covering them 
uniformly with a coating of stearic acid. After polishing for a 
number of hours, varying with conditions, the powder is then 
stored and allowed to age. In this aging operation, certain 
changes take place which enhance the “leafing” property. 

The various shades of gold bronze are made by varying the 
composition of the alloy used. Thus, richgold is made from a 
brass alloy containing approximately eighty per cent copper 
and twenty per cent zinc; while pale gold contains about 
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ninety per cent copper and ten per cent zinc. Other metals 
may also be present in small amounts. It will be noticed that 
“richgold” is not the color of grandfather's gold watch, but is 
more like the color of light brass; while “palegold” is deeper, 
redder and more truly golden in color. This anomaly is both 
confusing and inexplicable. 

The bronze powders and vehicles for preparing gold inks 
are generally supplied separately, to be mixed in the correct 
proportions by the printer just before use. This is necessary, 
since the majority of gold inks tarnish rapidly after the pow- 
der has been mixed with the vehicle. This action has been 
variously described as being caused by the acidity of the ve- 
hicle, the action of the driers on the powder, or the presence 
of traces of sulfur compounds in the vehicle. The tarnishing 
is probably caused by a combination of these factors. The cor- 
rect ratio for mixing the powder and vehicle varies with the 
grade of bronze used, the viscosity and wetting properties of 
the vehicle, the type of press on which the ink will be used, 
and the grade and type of paper on which it will be applied. 
In mixing vehicle and gold bronze powder for printing on 
good grades of coated-one-side label, litho, glazed and gum 
papers, an approximately correct mixture is five parts of ve- 
hicle to four parts of powder, by weight. For aluminum, on the 
same grade and type of papers, one part of aluminum lining 
bronze to two, or two-and-a-half parts of vehicle, by weight, 
is a proportion that will be found satisfactory. 

Aluminum powder, due to the tenacious film of oxide which 
coats each particle, is not as prone to tarnish or darken when 
mixed with vehicle as is gold bronze. For this reason, it is pos- 
sible to prepare ready-mixed aluminum inks which remain 
bright for fairly long periods of time. Paste aluminum exhibits 
this stability to a marked degree and satisfactory ready-mixed 
inks have been made possible by its use. Paste aluminum is 
made by placing small pieces of sheet aluminum, or small 
aluminum pellets, in a steel ball mill together with a solvent 
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like varnolene, and several percent of stearic acid and alumi- 
num stearate. Grinding is continued until the product has 
reached the desired degree of fineness and brilliance, where- 
upon it is removed from the mill and, after a suitable aging 
period, is ready for use. In the preparation of ready-mixed 
aluminum inks, the paste aluminum is generally mixed with 
about an equal part by weight of a viscous metallic ink vehicle. 
It is necessary to use a more viscous vehicle with the paste 
than with powder to compensate for the marked reducing ac- 
tion of the varnolene in the paste. 

When running any metallic inks on the press, it is desirable 
to employ medium-hard rollers and packing; the minimum 
number of distributing rollers consistent with correct and even 
distribution; a “kiss” impression of the form against the paper; 
and the maximum amount of ink consistent with good print- 
ing. One impression of metallic ink is ordinarily sufficient 
when printing on smooth coated papers; but on rough or very 
absorbent papers, it may be necessary to give two impressions 
of the metallic ink, or one impression of an alumina hydrate 
base ink, followed by an impression of metallic ink, to insure 
satisfactory hard, rub-proof and brilliant results. 


WATER COLOR INKS 


Greeting cards, pictures, novelties, etc., are occasionally 
printed with water color inks. These inks, when properly 
printed from either rubber or metal plates, produce results 
which are difficult to distinguish from hand-rendered water 
color paintings. Water color printing is not new, examples of 
its use having been found on Phillistine relics, which date 
from as far back as 60 B.C. The first successful water color 
print, however, is ascribed to a Chinese artist, Wee Long Fu, 
who, in about 1654 A.D., produced prints which still preserve 
the richness and beauty of natural colors. The inks used by 
this craftsman were probably made from the juices of berries 
and vegetables, which were boiled down to heavy fluids and 
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applied to the paper by means of carved wooden blocks.. 
There is evidence that Wee Long Fu used cloth-covered 
wooden rollers to apply the inks to the wooden blocks. If this 
be the case, then he should also be credited with the invention 
of printing rollers. 

The first recorded use of water color inks on a printing press 
is traced to France in 1903, when an artist and a young chem- 
ist-printer collaborated in producing several pieces of art work 
which were sold as original water color paintings. Since then, 
the process has been used by art printers in the United States 
and abroad, and its principles are quite well understood. The 
original impression that water color inks could be used only 
in connection with rubber rollers and plates has been dis- 
proved, since very attractive pieces of work are turned out 
with ordinary electros and rollers. On long runs, however, it 
is desirable to protect the rollers by first coating them with a 
mild aqueous alkaline solution containing tannic acid, acetic 
acid, and glycerin, thus hardening the surfaces of the rollers 
to prevent softening by the glycerin and water in the inks. 

Emulsion-type inks constitute a specialized class of water 
color inks. They consist of the usual pigments ground or dis- 
persed in a vehicle composed of a stabilized emulsion of two 
essentially immiscible liquids. Such inks are used occasionally 
in gravure, wall-paper, newspaper, comic and other types of 
paper printing, and also for the printing of textiles, ie., awn- 
ings, cotton goods, etc. They frequently show less penetration 
than conventional, pigment and varnish inks. 

An emulsion, in the broadest sense, signifies a relatively 
stable and intimate mixture of two immiscible liquids. The 
largest group of emulsions is of a water and oil type. “Oil” in 
this instance means any liquid which is immiscible with water. 
In addition, there is always at least a third material, such as. 
a soap or similar emulsifying agent which holds the emulsion: 
together. If an emulsion is examined under a microscope, it 
will be seen to consist of a liquid medium in which minute 
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droplets of a second liquid are suspended. The droplets are 
termed the “dispersed phase” while the liquid medium, in 
which they are suspended, is called the “continuous phase.” 
When the droplets are oil and the medium is water, the emul- 
sion is called the oil-in-water type and may be readily diluted 
with water. If the droplets consist of water and the continuous 
phase is the oil, then the emulsion is called the water-in-oil 
type and may be further diluted only with oil. By increasing 
the concentration of the dispersed phase, or by other means, 
it is sometimes possible to “reverse” an emulsion, that is, con- 
vert it to the other type. 


OVERPRINT VARNISHES 


The increasing use of overprint varnishes is a direct result 
of the demands of buyers of printing and the consuming pub- 
lic, in general, for more attractive and durable printed prod- 
ucts. Surveys conducted several years ago in the field of mag- 
azine printing indicated that attractively overprinted covers aid 
the sales of magazines considerably. Similarly, in the field of 
carton and folding paper box manufacture, overprinting is 
used widely to enhance the appearance and durability of car- 
tons; furthermore, its use has resulted in considerable in- 
creases of sales of products marketed in overprinted cartons, 
and, at the same time, has reduced the losses occasioned by 
smearing or scuffing of the ink on the cartons during manu- 
facture, filling and shipping. Varnishes are also used widely 
on book-jackets, labels, display signs, decalcomanias, novel- 
ties, etc. 

Overprint varnish, in the broad sense of the term, includes 
all materials applied to printed surfaces for the purposes of 
protection or beautification, or both, and therefore includes 
such materials as spirit label varnishes and lacquers which are 
applied by means of roller-coating or spraying methods. How- 
ever, from the standpoint of the ink maker, the term is under- 
stood to include only those semi-viscous varnishes that are 
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applied to the surface of printed or lithographed matter by 
means of ordinary printing methods on either typographic or 
planographic presses. This latter and more restricted definition 
will apply to the following discussion. 

An overprint varnish should have sufficient viscosity and 
yield value to impart good printing properties, and yet it must 
be neither too tacky nor too viscous, or it will tear or pick the 
surface of the paper being overprinted. It must also have pale 
color, good drying characteristics, yield a smooth, hard, scuff- 
resistant film and, above all, dry to a high gloss on printed 
surfaces. Furthermore, it is desirable that it also dry to a 
glossy surface when applied to unprinted paper, as most print- 
ing includes open work which, if not almost as glossy as the 
printed areas, will detract from the appearance of the finished 
job. 

The development of satisfactory overprint varnishes dates 
from the introduction some years ago of the highly polymer- 
ized, rosin-modified phenolic resins. The only resins available 
prior to that time were the various natural resins, coumarone- 
indene and ester gums, none of which possessed just the right 
combination of properties required for use in overprint var- 
nishes. Other resins, such as the various quick-drying alkyds, 
developed during recent years, have also proved of value in 
the formulation of overprint varnishes. 

The consistency of a satisfactory overprint varnish must be 
such that it will have sufficient body and tack to distribute 
readily on the press, and yet not so much as to pull or pick the 
fibers of the paper or cause the sheets to stick together when 
piled. The proper adjustment of consistency calls for the exer- 
cise of extreme care and judgment on the part of the formula- 
tor. Too little body and tack is as bad as too much, as a thin 
varnish will cause the rollers to slide and slip on the press and 
not give proper distribution. It will also destroy the gloss of 
the varnish by permitting it to be almost completely absorbed 
by the paper. An excess of grease or wax will have a similar 
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effect and must be avoided. The varnish must also have suf- 
ficient length or flow to enable it to follow the fountain roller 
properly and yield smooth prints. However, it must not have 
too much length, or it will string out during transfer from the 
form to the paper and produce a ragged effect, not to mention 
spraying everything in the vicinity of the press with a fine mist 
of sticky varnish. 

Up until several years ago, overprint varnishes were de- 
signed only for use on the various typographic presses, since 
the offset or litho process did not permit carrying sufficient 
varnish to produce the desired gloss; furthermore, the water 
used in the litho process emulsified with the varnishes and 
‘destroyed their gloss-producing properties. During the last 
few years, however, it has been found that varnishes produced 
by cooking certain hard-drying phenolic and alkyd resins into 
low-acid number oils, and then reducing with ester-type sol- 
vents, would lithograph properly and produce high-gloss ef- 


fects with a minimum application of varnish. 


Chapter 14 


THE TESTING OF INKS 


| 4 BEST METHOD of testing a finished printing ink is by 
actual performance on a press, but with the present very 
high cost per hour of press time, it is desirable to be able to 
conduct preliminary tests to screen out, or eliminate, those inks 
that would obviously be unsatisfactory under actual use. Over 
the years, a number of tests have been devised that yield valu- 
able information concerning the performance that may be ex- 
pected from inks, and it is the purpose of this section to review 
these methods. 

The nature of the printed matter, the requirements of the 
particular press on which the ink is to be used, and the use to 
which the printed matter will be put, as well as any special 
properties desired by the customer, must be borne in mind 
when selecting the tests to be applied to an ink. Obviously, 
resistance to acids or alkalies would not be important in a 
letterpress ink that is to be used for printing illustrations for 
a book; while resistance to soap is of little importance in an 
ink designed for application to folding match books. The tests 
must match the requirements of the ink. 

The first requirement is that an ink must yield the correct 
color and strength when printed. This is best determined by 
pulling proofs of it on a hand-proof press, using the correct 
amount of ink on the same paper stock to be used for the ac- 
tual press run. The application of just the correct amount of ink 
requires good judgment and a fair degree of experience. The 
amount of ink applied to the rollers should be measured care- 
fully by volume and/or weight. 
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A measuring device, easy to make, to clean and to use, may 
be constructed by taking a piece of brass tubing, %-inch in 
diameter and two inches long, and a piece of brass rod, 1%- 
inches long that will just slide into the tube. When the rod is 
inserted in the tube so that the lower ends are even, there will 
be a cup %-inch deep in the upper end of the combination. 
This may be filled level with ink and the ink forced out onto 
the proofing press rollers by pushing the rod upwards. One, 
two, or three, of these measures of ink should be applied to 
the rollers and distributed evenly before proofs are pulled. 
The volume of ink applied by the measuring cup may be cor- 
related with the ink required on the actual press run. 

As every pressman knows, the correct amount of ink is the 
minimum amount required to just completely cover the stock 
uniformly, without break-up of the solids, or fill-in of the half- 
tones and highlights. Any more than this introduces mottling, 
offsetting, smudging and delayed drying. Since most inks 
change color somewhat during drying, and, therefore, the color 
of a freshly printed ink is not quite the same as after it has 
dried, color comparisons should always be made with dried 
proofs. Drying may be hastened by warming the printed proof, 
however it is cautioned that heat may further alter the color 
and lead to erroneous results. Good light is essential when 
comparing colors, since the source of illumination has a 
marked bearing on the apparent color of an ink, 

The printer's problem of controlling uniformity of color dur- 
ing a long run, and between occasional or repeat runs of the 
same color, has been simplified by the introduction of a satis- 
factory color-control, reflectance meter known as the Photovolt 
Reflection Meter (manufactured by the Photovolt Corporation, 


Ink deposits with a yolumeter 
on a proofing press may be cor- 
related to provide an index to 
settings on the production press. 

Photo Interchemical Corp. 
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New York, New York). The reflection meter consists of two 
units: (1) the instrument proper, which contains a very sen- 
sitive indicating galvanometer (microammeter) and the nec- 
essary controls, and (2) the “search unit” which comprises a 
light source and a photocell. 

The search unit is connected with the instrument by a flex- 
ible cable with plug connection. In use, the cable of the search 
unit is plugged into the instrument proper and the power cable 
is connected to a six-volt storage battery, or to a 110-volt light- 
ing circuit. With power “off” the galvanometer needle is set to 
read zero by adjusting the upper central control knob. The 
two, left-hand, zero-suppressor control knobs are turned clock- 
wise as far as they will go; and the two, right-hand, sensitivity- 
control knobs are turned counter-clockwise as far as they will 
go. The main switch is then turned to “on,” which lights the 
search-unit lamp, and the instrument is allowed to warm up 
for a period of ten minutes, or so. Next the proper color filter 
is inserted into the search unit as far as it will go. A red filter 
is used for examining red inks, blue filter for blue inks, and a 
green filter for green inks. For yellow inks, or light tints of 
various colors, the instrument may be operated without filters, 
or the filters may be inserted in sequence and readings taken 
of the stimulus produced by each. Note the calibration value 
marked on the back of the standard plaque applying to the 
filter being used. Place the search unit on the enamel plaque 
of the same color. Turn the sensitivity control knob until the 
needle indicates approximately the calibration value, and then 


Uniformity of color may be 
checked mechanically in 
the ink or printing plant 
by use of a Photoyoltmeter. 

Photo Photovolt Corp. The Inkometer approximates 
conditions under which ink is 
used on a press, providing an es- 
timate of tack and consistency. 
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make the final exact adjustment with the fine adjustment knob 
located on the extreme right of the control panel. The search 
unit may then be placed on the printed sample to be tested 
and the reading will indicate the percentage reflectance of the 
sample in comparison with the standard plaque. By changing 
the filters and the specified setting in accordance with the 
corresponding color plaques, the percentage of red, blue and 
green reflectance of the sample may be ascertained and re- 
corded. Thenceforth, the readings obtained with this particular 
color specimen should be the same and any divergence indi- 
cates a change of color or strength of print, and necessary 
steps may be taken to adjust either the color of the ink or the 
fountain setting, to bring the color back to standard. This in- 
strument is independent of outside sources of illumination and 
is especially useful in maintaining uniformity of color between 
day and night shifts, where differences in the sources of view- 
ing light might introduce wide variations in the apparent shade 
of an ink. 

Another color control instrument, which some printers and 
lithographers claim is more sensitive to differences in color 
than the Photovolt meter, is the Color Eye, manufactured by 
the Instrument Development Laboratories, Inc., of Needham 
Heights, Massachusetts. This instrument compares the reflect- 
ance of a sample of printed matter with a white porcelain 
tile, thereby giving a more positive reference standard than 
the Photovolt meter, and more closely approaching the re- 
sults obtained with the expensive General Electric Recording 
Spectrophotometer. 

Setting and drying time of an ink may be judged by pulling 
proofs, as for determination of color, marking the time of ap- 
plication on the proofs, and placing them between the pages 
of a heavy book, or in a pile of stock, away from direct access 
to the air. The prints should be examined for dryness every 
half hour. It is recommended to note the time required for a 
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thin film of the ink to dry on a steel or glass plate and the time 
required for the ink to skin in the open can, as these properties 
have a decided bearing on the working properties of the ink, 
the skinning time on the press, and the satisfaction it may be 
expected to give in service. 

Fineness of grinding has a direct bearing on the smooth- 
working qualities of an ink. The degree of grinding may be 
judged by drawing an ink knife slowly through the ink and 
noting the presence of any unground particles, or aggregates, 
of pigment. Naturally, the degree of fineness that must be ex- 
pected in an ink depends upon its proposed use. In other 
words, we should not expect a wood-block poster ink to be as 
finely ground as a halftone black. However, no printing ink 
worthy of the name should appear actually coarse when ex- 
amined carefully. 

A unique and effective ink fineness gauge has been devised 
by I. M. Bernstein (manufactured by the Precision Gauge and 
Tool Company, Dayton, Ohio). This device consists of a 
heavy, accurately machined tool steel base plate having an 
almost perfectly smooth plane surface into which two longi- 
tudinal matching depressions have been ground. These de- 
pressions extend nearly the full length of the base plate, and 
vary in depth from one-thousandth of an inch at the deep end 
to zero depth at the other end. Two samples of ink that are to 
be compared for fineness of grinding are placed above the deep 
ends of the depressions and an accurately ground scraper is 
drawn down the length of the base plate, carrying some of 
each of the inks with it. As the inks are drawn down over the 
depressions, any coarse particles in the inks are drawn down 
with the scraper. When the size of the unground particles in 
the inks exceeds the depth of the depression, they effect an 
abrasive action and show up as scratches in the films of ink in 
the depressions. The number of scratches visible in each de- 
pression are counted and used as a measure of the relative fine- 
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ness of grinding of the two inks. The results may be recorded 
for future reference. 

The tinting strength, or color strength, of two inks may be 
compared by reducing equal weights of each ink with the 
same percentage of zinc white mixing ink, and comparing the 
strength of the resulting tints by drawing them down, side-by- 
side, with a smooth-edged scraper blade onto a piece of white 
bond paper. This test, in conjunction with full-strength proofs, 
yields valuable information as to the ultimate hues of the two 
inks. Either a twenty-to-one, or a thirty-to-one reduction with 
white is satisfactory for the usual run of colored inks; while a 
hundred-to-one reduction is frequently used when comparing 
the strength of black inks. The reduction with white also 
affords a valuable means for determining the amount and kind 
of toner used in a black ink and aids in estimating its value. 

The length, flow, or fountain-following properties of an ink 
are best estimated by placing several ounces on a slab, or glass 
plate and observing the flow from a spatula, or ink knife which 
has been dipped into the ink and held up. By drawing the 
spatula through the pile of ink and noting the time and manner 
in which the ink levels itself out again, a close estimate of its 
fountain-following ability may be made. The tack, or pull, of 
the ink may be determined by taking up a little of it on the 
index finger and tapping the ink out onto a piece of the paper 
on which the job is to be printed and noting the “pull” or ad- 
hesion of the ink. The tapping-out should be done slowly and 
with considerable pressure, and the tap-out carried down to 
the printing tone of the ink so that the so-called “under tack,” 
or printing tack may be observed. Any tendency of the ink to 
pick the stock may be determined by this test also. 


A draw down of two inks on the 
same sheet of bond paper per- 
mits comparison of hue, tint- 
ing strength and overtones. 

Photo Interchemical Corp. 
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The consistency of inks may be determined by an instru- 
ment known as the “Inkometer” which was designed by 
Professor Robert F. Reed, of the Lithographic Technical Foun- 
dation, Inc. It provides the printer and the ink maker with a 
rapid means for evaluating tack and consistency according to 
the temperature and the thickness of the ink film. It is of con- 
siderable practical value since it approximates the actual dy- 
namic conditions under which ink is used on the press. It may 
be used to estimate the relative tack of multicolor inks to ob- 
tain correct graduation of tack from the first-down to the last- 
down colors to insure satisfactory trapping of the colors. 

Essentially, the instrument consists of a hollow, water-cooled 
metal roller “X,” and a composition roller “Y” (see accompany- 
ing graphic sketch). The latter is supported by and allowed to 
rotate freely around the lower roller. Both rollers are mounted 
on the same frame, which is free to swing around the shaft of 
the lower roller; this shaft is long enough to support both the 
swinging frame and the rollers and also serves as the drive- 
shaft of the device. 

All bearings. are practically frictionless and the effect of fric- 
tion may be effectively balanced out of the results. The lower 
roller is driven by a th horsepower constant-speed motor 
through a gear reduction train having a three-speed transmis- 
sion, which imparts speeds of 200, 400 and 600 r.p.m. to the 
roller. The upper, or composition, roller is driven only by fric- 
tional contact with the lower roller, against which it rests. The 
upper roller thus acts as a brake on the lower roller. A gradu- 
ated balance arm “L” with a sliding weight “W” is attached to 
the swinging frame in such a way that the rotational torque | 
acting on the frame when the rollers are in motion may be 
balanced by moving the weight along a graduated arm, or | 
scale. The swinging frame and the rollers are so balanced that | 
the center of gravity falls slightly below the axis of the lower 
roller. This arrangement has been found to form an effective 
dynamometer capable of indicating quite accurately the fric- 


C: weight sufficient to counterbalance roller Y and 
bring center of gravity of swinging frame below 
its center of rotation to secure a stable balance. 


L: side arm rigidly attached to frame Z 








P of metal roller X, and carrying journals Qin 
which roller Y is free to rotate in contact with 








Z: side member of swinging frame pivoted on axis 


Y: composition-covered roller 


X: metal roller 
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tional torque between the rollers at their line of contact. The 
friction may be balanced out by means of a small movable 
counterweight acting on the swinging frame. A separate water- 
bath controls the temperature of the cooling water circulated 
through the hollow, metal roller. 

In operation, the temperature of the water is adjusted to the 
desired point, usually 25 degrees Centigrade, and the machine 
is run at medium speed. The torque developed by friction 
alone is just balanced by the small counterweight, after which 
a standard volume of ink, measured by a special 1.32 ce. 
pipette, is applied to the rollers. The machine is then run at 
medium speed for one minute to secure uniform ink distri- 
bution, after which the torque produced when running the 
machine at high, medium and low speeds, successively, is bal- 
anced by moving the sliding weight on the scale beam. These 
readings are noted and recorded. Breakdown of the thixotropy, 

or consistency of the ink, with running time at various speeds, 
may also be determined, and this is a valuable indication of 
the performance of the ink which may be expected under 
actual running conditions. 

The light-fastness of an ink is best determined by making a 
number of prints of it on the actual stock to be used for the 
run, allowing these prints to dry thoroughly, and then expos- 
ing these prints to actual sunlight under clear, clean glass. A 
portion of each print should be masked with an opaque, black 
paper mask so that exposed and un-exposed portions may be 
compared on the same prints. Generally, 30-day, 60-day and | 
90-day exposures are considered sufficiently severe for most | 
practical purposes. If greater speed is essential, accelerated 
tests may be conducted in an instrument known as the Fade- 


The Fade-Ometer, using a spe- 
cial carbon arc which simulates 
actual daylight, is used for 
rapid light fastness tests of inks. 
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Ometer, which consists of a number of exposure panels spaced 
around a high-intensity carbon-arc lamp employing special 
carbons that produce an intense light rich in ultra-violet rays. 
The device is equipped with a humidifying pan and a blower 
to maintain normal humidity and to prevent overheating and 
consequent discoloration of the color samples. The following 
chart indicates the equivalent relationship between hours of 
Fade-Ometer exposure and days of sunlight exposure for 
printed or lithographed matter exposed in the latitude of 
Chicago, Illinois. 








MONTHS 
FADE- Noy. Oct. Sept. June 
OMETER Dec. Feb. April July 
HOURS Jan. Mar. May Aug. 
1 12.5 days 4.2 days 1.9 days 0.7 days 
5 62 days 21 days 9.5 days 3.5 days 
10 125 days 42 days 19 days 7.0 days 
25 312 days 105 days 48 days 18 days 
50 625 days 210 days 95 days 35 days 
100 1250 days 420 days 190 days 70 days 





As a rough average, 1 hour in the Fade-Ometer equals a 5 day exposure 
to actual sunlight. 


Some indication of the printability of stock, or rather the 
affinity of paper stock for printing inks, may be obtained by 
means of the kerosene drop test. The test is conducted by 
applying a drop of kerosene to the paper stock by means of 
a medicine dropper and noting the exact time required, by 
stop-watch, for the actual wetness to disappear from the drop. 
The area covered by the oily stain after the actual wetness 
disappears also indicates the degree of capillarity of the stock; 


Preliminary tests in the ink 
laboratory help screen or elimi- 
nate those inks that would be 
unsatisfactory in actual use. 

Photo Kienle & Co. 
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the smaller the diameter of the stain, the less the ink will 
spread or “feather” after being printed. Another test that is of 
considerable value when printing on coated stocks is the Den- 
nison Wax Pick Test, which indicates the resistance of the 
coating to picking or lifting off during printing. The Dennison 
Manufacturing Company, of Framingham, Massachusetts, fur- 
nishes a set of sealing waxes of varying degrees of hardness, 
together with directions for conducting the test and a chart 
for interpreting the results on a practical basis. 
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Chapter 15 


INK TROUBLES & REMEDIES 


Rea many of the difficulties and problems encountered 
in the pressroom may be traced to ink, some inexperi- 
enced pressmen seem to blame the ink for all of their diffi- 
culties, before first carefully checking other possible sources 
of trouble. Ink is only one of the factors involved in printing. 
Many difficulties seemingly caused by ink may be traced to 
improper adjustment of the press or rollers, poor or glazed 
rollers, uneven formation or surface on the stock to be printed, 
poorly made plates, incorrect packing or makeready, and other 
mechanical conditions. All these factors should be checked 
when difficulty is encountered, before any changes are made 
in the ink. If after a careful check-up you are convinced that 
the ink is at fault, the following table may indicate the prob- 
able cause of the difficulty and suggest means for overcoming 
it. This table is based on one developed by the Fuchs and 
Lang Manufacturing Company, and which was published in 
the American Ink Maker of May 1930, and again in January 
1940, under the title, “A Table of Ink Troubles—Their Pos- 
sible Causes and Suggested Remedies.” Another excellent ta- 
ble, prepared by Russel J. Hogan, appeared in the December 
1947 issue of the American Printer. I have drawn heavily on 
their recommendations and have correlated these with sugges- 
tions from many printers, lithographers, ink makers, and from 
personal experience. 

To avoid confusion, and for ease of reference, the printing 
difficulties encountered are divided into groups normally as- 
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sociated with letterpress printing and those associated with 
lithographic printing. After experience in trouble shooting has 
been gained, the pressman can frequently use his own judg- 
ment in analyzing the difficulty and in selecting the best rem- 
edy, but until such experience has been acquired, it is believed 


that best results will be achieved by following the chart rather 
closely. 


TYPOGRAPHIC DIFFICULTIES 


Backing Away from Fountain Roller 


Symptoms: Ink does not flow to fountain roller. Printing is 
streaked or becomes progressively lighter in color. 

Causes: Ink too short. Yield value of ink too great. Insuffi- 
cient long varnish or carrying vehicle in ink. Ink over- 
pigmented. Ink livered. 

Possible Remedies: Install a fountain agitator on press, or, 
if the run is short, stir the ink occasionally with a spatula. 


The addition of some long varnish, like #5 litho varnish, 
should improve the flow. 


Blocking—see Sticking 
Caking 


Symptoms: The printing looks dry and uneven. Inks fills in 
halftone screens or small open spaces in letters. Ink piles 
up on rollers and plates and does not distribute properly 
or transfer properly from printing plate to paper. The pig- 
ment appears to leave the vehicle and remain behind on 
the plate in patches. 

Causes: The inclusion of too much chalky or coarse pig- 
ments in the ink. Pigments of poor texture or high spe- 
cific gravity. Improper makeready; incorrect printing 
pressure; poor roller setting; tympan packing too hard. 
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Possible Remedies: Add some long, carrying varnish, like 
#5 litho varnish, to the ink. If the caking is caused by 
improper pigment dispersion, this may be detected by 
drawing down some of the ink on a clean glass slab with 
a smooth spatula and noticing if any coarse particles are 
visible. If they are, the remedy is to have your ink maker 
regrind the ink until it appears perfectly smooth and 
homogeneous. If caking persists, ask for a new ink with 
bulkier, better-textured pigments, and longer, better-car- 
rying vehicles. Check roller and pressure setting of print- 
ing press. Use softer packing under tympan or impression 
cylinder. 


Chalking or Powdering 

Symptoms: The ink is apparently dry, yet pigment may be 
rubbed off surface of stock. Prints look dull and lifeless. 
Printing may be marred easily. 

Causes: The vehicle lacks sufficient binding properties to 
hold pigment firmly to surface of stock. Vehicle too thin 
and penetrates stock too readily. Insufficient drier in ink. 
Too much non-drying compound in ink. 

Possible Remedies: Add either heavy varnish, like #5 litho 
varnish, or body gum, to ink. Add hard-drying synthetic 
varnish, or vehicle to ink. Add small amount of either 
gloss varnish or overprint varnish to ink. Increase per- 
centage of drier in ink. Add cobalt drier, if nature of job 
and color of ink will permit. 


Collecting Lint or Dirt 


Symptoms: Work fills in. Solid areas exhibit specks, spots 
and broken places. Paper fibers, lint or bits of coating col- 
lect on rollers and plates. 

Causes: Ink too tacky, thus picks coating or fibers from sur- 
face of stock. Poor, improperly-sized, coated or calen- 
dered stock. Ink or press too cold. Lint or fuzz on paper 
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due to neglecting to back-trim stock on cutting machine. 
Press rollers in poor condition. Too much drier in ink. 

Possible Remedies: Reduce tack of ink by adding thin var- 
nish, kerosene or tack-free compound. Clean press, par- 
ticularly cylinder brush. Vacuum clean edges of piles of 
paper stock before placing on feeder. Wash rollers and 
plates. Use an efficient static eliminator on press. Use 
more resilient and softer rollers if above suggestions are 
insufficient. Examine ink to see if it is free from unground 
particles and bits of skin. Have ink reground if it appears 
to contain coarse particles. 


Color Burns Out 


Symptoms: Tint colors fade or burn out during drying of the 
ink. This may be an “all-over” change, or the color may 
fade more in the center of the sheets than toward the 
edges. 

Causes: Principal cause is the use of fugitive, or heat-sensi- 
tive toning pigments, or in the formulation of the tint. 
The use of cobalt drier in tints is often the cause of fad- 
ing, or burning out. Overheating the freshly printed sheets 
by the use of too great a flame on the delivery heaters 
may also cause fading, particularly if heat-sensitive pig- 
ments have been used in the ink. 

Possible Remedies: Rematch the tint ink with more perma- 
nent or heat-resistant pigments. For instance, if the tint 
is a pink, use madder lake or cadmium red as the toning 
pigment; if blue, use monastral; if a green, use monastral 
green; if a buff, use cadmium yellow and cadmium red 
mixture, etc. Eliminate cobalt drier from formula and use 
paste drier. Wind sheets more frequently. Occasionally, 
burning out is caused by the pigment reacting with the 
coating ingredients on the paper. The obvious cure here 
is to experiment with other paper stocks. 
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Crystallization 


Symptoms: In multicolor printing, where the first-down col- 
ors are allowed to dry hard, subsequent colors or inks 
will not “take” or adhere to the dried ink surface. That is 
to say, the subsequent inks exhibit poor affinity for the 
dried surface and tend to crawl, mottle, or rub off when 
dry. 

dane The base color has formed a hard-dried, continuous 
film which affords no anchorage or affinity for the subse- 
quent applications of ink. Too much drier or too much 
gloss varnish in the ink is the most frequent cause of 
crystallization. The addition of cobalt drier to first-down 
colors is especially apt to cause crystallization. 

Possible Remedies: Retard the drying of the first-down 
color, or any color which is to be overprinted. This may be 
accomplished by reducing the drier content and elimi- 
nating all cobalt drier, in particular. The addition of wool 
grease, cup grease, vaseline or castor oil is recommended 
to keep the ink surface “open” or soft. To print over a 
crystallized ink surface, add a compound made by melt- 
ing beeswax in turpentine to the overprinting ink. At least 
an ounce of this compound to each pound of ink will be 
required. To overcome retardation of drying, occasioned 
by the addition of compound, add a small amount of co- 
balt drier, or hard-drying gloss varnish to the ink. The 
addition of butyl cellosolve to the overprinting ink will 
frequently enable it to “bite into” the crystallized ink and 
give a firm bond. Heat-set inks will normally print quite 
well over crystallized ink surfaces. 


Distribution Poor 


Symptoms: Ink tends to pile up on rollers, drums and plates. 
Print is uneven, filled in, and apt to exhibit bare areas. 
Causes: Ink too heavy or too short. Insufficient carrying ve- 

hicle for the pigments used. Ink poorly ground, or pig- 
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ments have coarse texture. Insufficient extender pigment 
used in conjunction with chalky pigments. 

Possible Remedies: Add long varnish, such as #3, #4 or 
#5 if ink is too short, or if insufficient carrying vehicle 
is present. Add thin varnish or compound, if ink is too 
heavy. Examine ink for coarse aggregates. If present, re- 
place with ink of better texture. 


Drying Too Fast 


Symptoms: The ink tends to skin in the fountain. Ink dries 
on ends of rollers and, occasionally, on the printing plates. 
Ink becomes progressively tackier and picks fibers or coat- 
ing from paper stock. The tackiness may increase to the 
point where the sheets are pulled loose from the press 
grippers. The printing becomes uneven, and caking and 
piling may occur. 

Causes: Too much drier in ink. If ink is of the solvent-con- 
taining type, the solvent is too volatile. If ink is of the 
synthetic resin type, the vehicle dries too fast. Actual form 
area small, while ink is distributed over entire roller 
length. Press near an open window, or in sunlight. Press- 
room too warm. Ink too tacky. 

Possible Remedies: Retard drying of ink by addition of cas- 
tor oil, petrolatum or cup grease. Add small amount of 
anti-oxidant, such as guaiacol, monomethy] ether of hy- 
droquinone, pyrocatechol, etc. If ink is too heavy, add 
compound or thin varnish. Shade press fountain if in 
direct rays of sun. Change ink if condition persists. 


Drying Too Slowly 


Symptoms: The symptoms are quite obvious—ink does not 
dry in normal drying period of from six to twelve hours. 
Prints mark and rub when run through the press for the 
next color, or when the printed matter is fabricated into 
folders, cartons, wrappers, etc. 
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Causes: Insufficient drier in ink. Wrong kind of drier in ink 
for the surface being printed. Drying time prolonged by 
the use of too much non-drying compound in ink. Exces- 
sive humidity in pressroom—moisture always retards dry- 
ing of ordinary oil-base inks. Ink has been reduced too 
much—thus diluting drier to an ineffective percentage. 

Possible Remedies: Add suitable drier, depending upon stock 
being printed, nature of the printing job and the length 
of run. A good lead-manganese paste drier is the safest 
to use for most purposes, as it dries the ink film through- 
out and does not cause excessive skinning of the ink in 
the fountain or on the press rollers. It also has less tend- 
ency to discolor light or delicate tints. A small amount of 
cobalt drier may be added when the ink is being printed 
on non-porous stock such as cellophane, glassine, fabri- 
coid, cellulose nitrate, etc. A small amount of hard-drying 
gloss varnish may be added to the ink, if printing on bond 
paper, ledger stock or cover paper. Add additional drier 
during periods of excessive humidity. 


Flying or Misting of Ink 
Symptoms: After running the press a while, it and surround- 
ing objects become lightly coated with a fine film of ink. 
Occasionally, the printed work exhibits a soiled appear- 
ance, and if the finger is rubbed across the plain, un- 
printed parts of the sheet, a streak of color is noticed. 
Causes: The causes of ink misting or flying are not well 


known. In general, it indicates that the ink is lacking in | 


yield value, or is so thin that the centrifugal force of the 
rollers is sufficient to throw out a fine spray of ink. Inks 
that possess pseudo-plastic flow, i.e., are gel-like in con- 
sistency, frequently exhibit this defect. News inks, steam- 
set inks and rubber-base inks are frequent offenders. 
Possible Remedies: Add a shortening agent, such as offset 
. compound, to the ink. Add a heavy varnish, like #5 litho, 
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to the ink. If a news ink, have remade with a better-wet- 
ting, longer, more viscous mineral oil. Ground press to 
water-pipe to eliminate static electricity. 


Ink Too Heavy 


Symptoms: Ink fails to distribute properly. Ink pulls fibers 
or coating from paper stock. In severe cases, paper is 
pulled out of grippers by the excessive tack. 

Causes: Ink vehicle too viscous. Pigment-to-vehicle ratio is 
too high. Ink too old, or livered. 

Possible Remedies: Reduce ink with either thin-bodied litho 
varnish, or offset compound. A small amount of kerosene 
may be added to ink, but it must be remembered that this 
will tend to evaporate from the ink in the fountain and 
on the rollers, and the tackiness will return. 


Ink Too Thin 


Symptoms: Prints appear oily and weak. Solids are apt to 
be mottled. Form rollers are apt to slip and slur over the 
inking mechanism and plates. In severe cases, particularly 
when printing on thin stock, an oily stain, or strike- 
through, is visible on the back of the printed sheet. 

Causes: Too thin, or too much, vehicle in ink. Insufficient 
pigment or extender present in ink. 

Possible Remedies: Add a little viscous varnish to the ink, 
such as #7 or #8 litho varnish, or body gum. Add some 
heavy-bodied ink to that in the press fountain. In severe 
cases, replace the ink with one of heavier body. 


Insufficient Gloss 


Symptoms: Ink sinks into surface of stock, dries with flat, 
lusterless appearance. Dried prints have uneven finish. 
Causes: Ink vehicle too thin. Insufficient gloss varnish in 
ink. Drying too slow. Paper stock too absorbent to hold 

ink up on surface. 
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Possible Remedies: Add gloss varnish or overprint varnish 
to ink. Add small amount of cobalt drier to ink if it is not 
drying too rapidly already. Rematch ink with a larger 
percentage of gloss varnish, or synthetic resin varnish. 
Use less absorbent paper stock. 


Mottling 


Symptoms: The solid areas of the printing exhibit an uneven, 
speckled or grainy appearance. Under low-power magnifi- 
cation, the surface appears to be made up of little islands 
of color, surrounded by lighter areas. The edges of the 
type and solids appear slurred and uneven. 

Causes: Ink too long, too thin, or too oily. Insufficient pig- 
ment in ink. Color too weak, so that an excess of ink must 
be carried to obtain desired depth of color. Press rollers 
too hard. Incorrect makeready or roller setting. Tympan 
packing too hard. Printing pressure too great. 

Possible Remedies: If ink is too thin, add a small amount 
of either #7 litho varnish or body gum. Increase color 
strength of ink and carry less. Reset press rollers, the 
pressures and makeready. Remember, running an excess 
amount of ink is a poor substitute for proper makeready. 


Offsetting 

Symptoms: Ink sets off, or transfers, to under side of next 
sheet in delivery. Ink smudges too readily and appears 
very slow in setting. 

Causes: Ink sets too slowly. Too much ink being carried. 
Static electricity in stock. Impression too heavy. Rollers 
either too hard, or improperly set. Jogging boards on de- 
livery may be set too closely, causing sheets to slide over 
one another in delivery pile. 

Possible Remedies: Reduce ink with offset compound, ad- 
justing quantity to be just enough to produce a clean, 
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sharp print without pulling the paper too much. Use static 
eliminators, or anti-offset spray, Or wax spray. 


Piling on Rollers and Plates—see Caking 


Rubbing Off 


Symptoms: Ink does not dry to a hard, tough film, and rubs 
off in subsequent folding or fabricating operations. Ink 
scuffs too readily. Moist fingers smudge or remove ink 
from paper. 

Causes: Insufficient hard-drying vehicle in ink. Too little 
drier in ink. Vehicle too thin and is being absorbed by 
stock. Too much non-drying compound, mineral oil, or 
grease in ink. 

Possible Remedies: Add heavy-bodied, hard-drying syn- 
thetic resin varnish to ink. Add small amount of cobalt 
drier to ink. Add carnauba wax compound to ink so that 
ink film will polish instead of rubbing off. On dull coated 
stock it is not always possible to eliminate rubbing en- 
tirely, although by rematching the ink with considerable 
non-scratch vehicle, it is possible to eliminate most of the 


rubbing. 


Scuffing 

Symptoms: Almost identical with rubbing and synonymous 
with scratching. Inks scuffs off in subsequent fabricating 
operations. If used on containers, the ink scuffs off during 
shipment, filling or handling of the filled containers. If the 
ink is used for printing halftones, unsightly scratch marks 
are formed if sheets are rubbed one against the other, or 
in folding operations. 

Causes: Insufficient hard-drying vehicle, or hard wax in for- 
mula. Ink dries to a slightly rough surface which permits 
abrasion or scuffing. Vehicle penetrates paper stock too 
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readily and leaves pigment on the surface of stock, where 
it may easily be rubbed off. 

Possible Remedies: Add heavy-bodied, non-scratch varnish 
to ink. Add one-half ounce of carnauba wax to each 
pound of ink, by melting the wax into a small amount of 
turpentine and rubbing the mixture into the ink. Rematch 
the ink with non-scratch vehicle. Have ink maker elimi- 
nate all coarse textured or bronzy pigments from ink. 


Show Through 


Symptoms: The printing may be discerned through the back 
of the printed sheet. This is not to be confused with off- 
setting, where actual color or ink is visible on the back of 
the sheets. 

Causes: Show through is, in general, a fault of the stock and 
not the ink. The stock is so transparent that the printing 
is visible from the reverse side. 

Possible Remedies: The best remedy is to use a more 
opaque paper stock. A heavy-bodied ink, carried as 
lightly as possible, will reduce show through, but will not 
eliminate it. 


Slurring 


Symptoms: Rollers slip and slide. Ink usually prints with a 
mottle. Edges of printing appear ragged and uneven. Oily 
appearance to printing. 

Causes: Ink too thin. 

Possible Remedies: Add a small amount of #7 or #8 litho 
varnish, or have ink maker furnish heavier ink. 


Strike Through 


Symptoms: A greasy outline of the printing penetrates 
‘through to the reverse side of the sheet. In severe cases, 
an oily greasy stain, or ring, forms around the outlines of 
the print. 
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Causes: Ink too thin and oily. Too much mineral oil, or 
grease, used in ink. If a news ink, wrong kind of mineral 
oil may have been used as the vehicle; eliminate asphaltic- 
base oils. Paper may also be at fault. 

Possible Remedies: Use heavier-bodied ink and carry less. 
Use more heavy-bodied drying oil in ink. Accelerate dry- 
ing of ink. Use a less penetrating mineral oil in ink. 


Sticking 


Symptoms: This is a severe case of offsetting wherein the 
printed sheets tend to stick together, making rehandling 
of the sheets difficult. In extreme cases, the sheets are 
stuck together so badly as to cause picking or tearing of 
the paper, when they are pulled apart. 

Causes: Ink too tacky for stock being printed. Too much 
drier in ink. Too much synthetic resin in ink vehicle 
which makes ink remain on surface of stock. Insufficient 
wax or greasy compound in ink. 

Possible Remedies:, Add considerable non-offset compound 
to ink. Rematch ink with thinner, more penetrating ve- 
hicle. Use anti-offset spray on press. 


LITHOGRAPHIC DIFFICULTIES 


Backing Away from Fountain Roller 


Symptoms: Ink does not follow fountain roller. Lithography 
becomes streaked and progressively lighter in color. 

Causes: Ink too short. Yield value of ink too great. Varnish 
too short, or insufficient carrying vehicle is present in ink. 
Ink may be overpigmented. Ink may be livered. In ex- 
treme cases of water-absorption, sufficient fountain water 
may work its way back to the ink fountain to cause floc- 
culation or shortening of the ink. 

Possible Remedies: Add some long varnish, as #4 or #5 
litho varnish, to ink. Stir ink frequently to make it flow. 
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If shortness is caused by water absorption, replace ink 
with one that is more water-repellent. 


Bleeding 


Symptoms: Light or faint tint of color being run appears on 
unprinted areas of paper after press has been in operation 
for some time. Dampening rollers and fountain solution 
eventually become strongly colored with ink being run. 

Causes: Vehicle insufficiently water-repellent. Pigment too 
soluble in water or dilute acids. Pigment too hydrophylic. 
Ink too fresh—has not been aged sufficiently to permit 
vehicle to wet pigment particles completely. Vehicle too 
thin, permitting pigment to be washed away mechani- 
cally. 

Possible Remedies: Add small amount of either #7 or #8 
litho varnish to ink. Add larger amount of #5 litho var- 
nish to ink. Reduce acidity of fountain solution. Replace 
ink with one which has been aged sufficiently. In severe 
cases, have ink remade with non-bleeding pigments and 
heavier-bodied litho varnish. 


Drying Too Fast 

Symptoms: Ink dries on edges of rollers, in fountain, or on 
blanket. Lithography becomes uneven. Stock sticks to 
blanket and will not release properly. 

Causes: Too much drier in ink. Wrong kind of drier in ink. 
Volatile solvent used in ink. 

Possible Remedies: Add small amount of antioxidant to ink. 
Add small amount of greasy compound to ink, such as a 
blend of mutton tallow, wool grease and castor oil. Re- 
place with slower-drying ink, if condition persists. 


Drying Too Slowly 


Symptoms: Ink does not dry within a reasonable time. 
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Prints smudge and rub easily during subsequent handling 
or fabrication. 

Causes: Insufficient or incorrect kind of drier used in ink. 

Possible Remedies: Add from % to % ounce of litho paste 
drier to each pound of ink. Cobalt drier may be used in 
black, purple and dark blue inks, but is apt to discolor 
delicate tints. A small amount of synthetic resin vehicle 
may be added to the inks to improve hardness and tough- 
ness of the dried films. If these measures fail to impart 
good drying, have ink remade with a larger percentage 
of synthetic resin-oil vehicle. 


Embossing of Blankets 


Symptoms: After operating the press for a considerable 
number of impressions, the inked areas of the blanket 
tend to swell or raise. 

Causes: Blanket composition not sufficiently oil resisting. 
Too much solvent in inks. Too much drier in inks. Some 
of the synthetic resins are absorbed by the blanket and 
cause it to swell. 

Possible Remedies: Treat blanket with antioxidant to re- 
duce absorption of oil and grease. Treat blanket with sul- 
fur and carbon bisulfide mixture to harden surface. Re- 
duce solvent and/or drier in ink. Reformulate ink with 
less penetrating vehicle. 


Greasing 


Symptoms: The image tends to “grow”—that is to say, the 
ink has a marked tendency to spread out onto the non- 
image areas of the plate. The edges of the image become 
ragged, with a tendency to work into the non-image por- 
tions. The blankets pick up a greasy stain, which is diffi- 
cult to remove. 

Causes: Ink vehicle too thin and oily. Acid number of ink 
vehicle too high (should be in the range of from five to 
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fifteen for best results). Too much grease or tallow in 
ink. Insufficient acid in fountain solution. Press plates 
poorly made—resist not properly removed. Too much ink 
being carried. 

Possible Remedies: Have ink remade with a less greasy, 
or less acid, vehicle. Add small amount of heavy-bodied 
litho varnish to ink. Increase acid or gum in fountain 
solution—making certain that gum has been prepared 
freshly. Run less ink. Counter-etch plate, or replace with 
a new one. Check roller settings and plate and blanket 
pressures. 


Image Thickens 


Symptoms: Fine lines, dots, and edges of image tend to 
grow, or thicken. Greasing is also apt to be present. 

Causes: Ink too thin and oily. Acid number of ink too great 
(should be in the range of from five to fifteen for best 
results ). Too much grease or tallow in ink. Ink too water- 
repellent. Coarse particles are present in ink, causing pil- 
ing at edges of plate image. Insufficient acid in water. 

Possible Remedies: Add more acid to fountain solution. Be 
sure that gum arabic solution is fresh and sweet. Try 
bodying ink by adding a small amount of either #5 or 
#6 litho varnish. Have ink remade with softer-textured 
pigments and vehicle of heavier body and lower acid 
number. Increase supply of water to dampening rollers. 


Image Works Too Sharp 


Symptoms: Fine lines and dots tend to disappear from work. 
Image becomes thin, and it is difficult to hold the work. 
Lithography become weak and streaked looking. 

Causes: Ink insufficiently water-repellent. Too much acid in 
dampening fountain. Too much water being fed to damp- 
ening rollers. The causes are just about opposite to those 
causing greasing. 
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Possible Remedies: Add water-repellent varnish to ink. Add 
very small amount of oleic acid, or linoleic acid, to ink. 
Decrease both the acidity and amount of water being fed 
to dampening rollers. Add small amount of greasy litho 
varnish to ink. Have ink remade with less water-receptive 
pigments and vehicles. Aging an ink before use will often 
decrease its water-sensitivity. 


Ink Too Heavy 


Symptoms: Stock does not release properly from blanket. 
Ink picks up fibers and lint from paper. In extreme cases, 
image is lifted from the plate. 

Causes: Ink too tacky. Volatile solvent in ink is evaporating 
too fast. Too much drier in ink. Vehicle too viscous. 

Possible Remedies: Add thin litho varnish to ink. Add small 
amount of compound to ink. Add “slash compound” (kero- 
sene and magnesia powder)—being careful not to add 
too much. 


Ink Too Thin 


Symptoms: The image tends to thicken or “grow.” Edges of 
lines become ragged, much as though the ink were too 
greasy. Ink may tend to pile on plates and blanket. Li- 
thography lacks snap and sharpness. 

Causes: Too much reducer in ink. Vehicle too thin and low 
in viscosity. Too much greasy compound in ink. 

Possible Remedies: Add small amount of either #7 or #8 
litho varnish to ink. Use less reducer. In severe cases, ask 
for new ink. 


Piling on Plates or Blankets 


Symptoms: Pigment separates from vehicle and collects on 
plates and blanket. Lithography becomes ragged. Fine 
openings fill in. Solids become uneven looking. 
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Causes: Pigment too coarse in texture or improperly wetted 
by vehicle. Vehicle lacking in pigment-carrying proper- 
ties. Vehicle too thin. Ink overpigmented. Pigment too 
high in specific gravity for carrying power of the vehicle. 

Possible Remedies: Add heavy-bodied, good pigment-carry- 
ing vehicle to ink, such as #3 or #4 litho varnish. Have 
ink reground to eliminate coarse aggregates of pigment. 
Have ink remade with softer-textured pigments of lighter 
specific gravity, and better pigment-carrying varnishes. 


Polishing of Plate 


Symptoms: Edges of images on plate and grain of plate 
show signs of wear after only a few thousand impressions 
have been obtained. 

Causes: Pigment too crystalline or coarse-textured. Ink in- 
sufficiently ground. 

Possible Remedies: Have ink remade with softer-textured 
pigments. 


Rollers Stripping 


Symptoms; Steel rollers or ink drum will not accept ink 
evenly. Bare sections appear on steel rollers or ink drum 
after press has been in operation for several hours. 

Causes: Ink too sensitive to water or acid, permitting water 
or acid to wet the metal rollers preferentially. Metal roll- 
ers have become “oxidized” so that they will not accept 
ink. 

Possible Remedies: Add long, water-repellent varnish to ink. 
Remove steel rollers, wash thoroughly and “etch” with 
dilute nitric acid. Rub steel rollers with pumice or dia- 
tomaceous earth (“Sapolio” made by Enoch Morgan’s 
Sons Co., N. Y., works very well). Dry rollers thoroughly 
before re-inking. 
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Scumming 


Symptoms: Scum forms over plate. Difficult to keep work 
open and clean. The edges of the image become ragged 
and the ink tends to work out into non-image portions of 
the plate. 

Causes: Ink vehicle too thin and oily. Too much grease or 
tallow in ink. Ink too short, ie., too high in yield value. 
Acid number of vehicle too high. Press plates poorly 
made—resist not properly removed. Insufficient acid in 
dampening solution. Insufficient water being carried to 
hold ink to image areas. 

Possible Remedies: Add long, heavy varnish to ink, such as 
#4 or #5 litho varnish. Increase acidity of fountain solu- 
tion, and carry slightly more water. Have ink remade with 
less greasy vehicle or one of low acid number. Eliminate 
greasy compounds from ink. 

Tinting 

Symptoms: The pigment tends to wash out of the vehicle 
during the press run. This condition is slightly different 
from actual bleeding of the color. When a color bleeds, 
the dye from which it was made actually dissolves in the 
fountain solution and cannot be filtered out. When a pig- 
ment tints, or washes, the pigment particles are suspended 
in the fountain solution and may be filtered out. 

Causes: The pigment is preferentially wetted by the foun- 
tain solution and is washed out of the body of the ink. 

Possible Remedies: Age the ink so that the pigment is more 
completely wetted by the ink vehicle. Have ink remade 
with less water-sensitive, or hydrophylic, pigments. Use 
heavier-bodied reducing varnish which possesses good 
pigment-wetting properties. Decrease acidity of fountain 
solution and carry as little water as possible, consistent 
with keeping the plates clean and the work open. 





GLOSSARY 


ABSORPTION—The penetration of ink into the surface of 
paper stock by capillary attraction between the ink vehicle 
and paper fibers or coating. 

ACID DYES—Organic coloring matters in which the color- 
base takes the place of the acid constituent of a salt. 

ACID NUMBER—The number of milligrams of potassium 
hydroxide required to just neutralize one gram of oil, var- 
nish or ink vehicle. 

ALBERTYPE INKS—Photogelatine inks. 

ANILINE INKS—Thin-bodied inks composed of a solution of 
dyestuff in a volatile solvent, with or without additions of 
pigments and resinous binders. 

ANTIOXIDANTS—Substances added to inks or varnishes to 
slow down oxygen absorption and retard skinning or drying. 

ANTIQUE PAPER—A rather heavy-bodied book paper that 
has not gone through a calender and is without finish. 

AUTOTYPE—A printing process in which the metal plate is 
coated with a light-sensitive resin instead of gelatine. 

BACKING—A piece of resilient material placed behind the 
paper to be printed to insure a more even impression. 

BASIC DYES—Organic coloring matters in which the color- 
base takes the place of the basic constituent of a salt. 

BINDER—That part of an ink vehicle that binds the pigment 
to the paper; usually a heavy-bodied drying oil or a resin. 

BLANKET CYLINDER—The cylinder of an offset press that 
holds the rubber blanket and receives ink from the plate 
cylinder and “offsets” it onto the surface to be printed. 

BLEEDING—The spreading or running of a pigment by the 
action of a solvent, e.g., water, oil, alcohol, etc. 
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BODIED LINSEED OIL—Linseed oil that has been thick- 
ened by heating until the desired viscosity has been ob- 
tained. 

BODY—A term used variously to describe the viscosity, con- 


sistency, density, or covering power of an ink. Should refer 
only to consistency. 


BODYING AGENT—Material added to an ink to increase its 
viscosity or consistency. 

BRONZE—Finely powdered or flaked metal particles which 
are dusted onto paper printed with Sticky sizes to give the 
effect of metallic printing. 

BRONZINESS—The metallic or crystalline effect exhibited by 
some inks because of the physical nature of the pigments 
used in their manufacture. Does not mean that the inks 
contain metallic powders. 

BRONZING—Printing with a sticky size and dusting same 
with finely powdered metal particles or flakes to give the 
appearance of metallic printing. 

CALENDER—A stack of alternate metal and fiber rollers for 
polishing the surface of sized and coated papers. 

CARBON TISSUE—A sheet of paper coated with dichroma- 
tized gelatine containing carbon, or other pigment, in sus- 
pension. 

CATCHING-UP—In offset and litho work when ink adheres to 
non-image areas due to the application of too little water. 

CELLOPHANE—Transparent film made by extruding a vis- 
cose solution through long, narrow slits into a coagulating 
bath. 

COLLOTYPE PROCESS—The photogelatine process wherein 
a gelatine surface has been rendered non-uniformly ink-re- 
ceptive by light transmitted through an unscreened negative. 

COLOR STRENGTH—The intensity or strength of color 
(chroma) of an ink or pigment. 

COVERING POWER—The ability of an ink to hide the ma- 
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terial beneath and to produce a uniform, opaque surface. 
Another term for opacity. 
CRAWLING—The contraction of an ink film into drops. 
Occurs usually when applying ink to a hard, slippery, or 
impervious surface, such as glass. all 
CREEPING—Flowing of an ink beyond the limits of the 
design or image area. : 
CRYSTALLIZATION—The drying of an ink to a hard, im- 
pervious surface that does not readily accept subsequent 
applications of ink. teshx 
CYLINDER PRESS—A press consisting of an oscillating flat 
bed or surface of type passing alternately under inking 
rollers and a rotating cylinder which presses the paper 
against the moving type. ' 
DAMPENING—Moistening of non-design areas of litho- 
/ graphic plates by means of water-moistened rollers. 
DECALCOMANIA—Printing, lithographing, or screening, de- 
signs or type matter upon a specially coated paper so that 
the printed matter may later be slid off, or transferred, from 
the paper backing to another surface. 
DISPERSING AGENTS—Wetting agents. This term refers 
usually to materials that facilitate mixing of powdered solids 
into liquid media, or vehicles. gn 
DOCTOR BLADE—A knife edge which wipes excess ink off 
the surface of the engraved plate in intaglio printing. 
DOPING OR DOCTORING—Altering the properties of an 
ink by incorporating various modifying agents. 
DRAGON’S BLOOD-—A reddish-colored natural gum or resin 
used as a resist in photoengraving processes. J 
DRAW-DOWN, OR DRAW-OUT-—Spreading an ink out to 
a thin film on paper by means of a smooth-edged scraper 
blade for purposes of comparing its color and strength. 
DRIERS—Substances which accelerate the rate of oxygen 
absorption, or drying of oils, varnishes or vehicles. These 
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usually comprise organic salts of lead, manganese or cobalt. 

DRYING OILS—Oils which have the ability to form tough 
surface films by absorbing oxygen from the air. 

DRYING TIME—The time required for an ink to form a tack- 
free surface after being applied to the paper, or other printed 
surface. 

ELECTROTYPES—Copper casts electrolytically deposited on 
a wax impression of assembled type. The copper shells are 
reinforced by a soft metal backing and are then, usually, 
meen on wood blocks to bring the printing surface “type 

igh. 

EMULSIFYING AGENTS—Substances facilitating the disper- 
sion of one liquid into another. Generally, but a very small 
amount is required to accomplish the purpose. 

EMULSION INK—A printing composition comprising pig- 
ments, stabilizing agents, and an emulsion of two normally 
immiscible liquids. 

FASTNESS TO LIGHT—tThe resistance of a colored sub- 
stance to bleaching, or changing of shade or hue, when 
exposed to light. 

FEATHERING—Stringing out of ink during the printing op- 
eration, resulting in irregular edges to the printed design. 

FILLING-UP, OR FILLING-IN—Building up of untrans- 
ferred ink in the open areas of the type or litho plate. In- 
dicates that the vehicle is deficient in pigment-carrying 
properties. 

FLASH POINT OF SOLVENTS—The temperature to which 
a liquid must be heated so that the vapors given off will 
ignite when exposed to a flame. 

FLOATING—False color introduced by one of the pigments 
rising to the surface of a thin-bodied ink, such as aniline 
or gravure ink, due to differences in specific gravity, or dif- 
ferences in wetting characteristics of the pigments. 

FLOODING—Excess ink on type or form caused by the ink 
fountain being too wide open. In lithographic printing the 
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term is sometimes used to describe the effect caused by 
too much ink and too little water. 

FLUSHING—An ink-grinding process which converts a water- 
wet pigment directly to an oil-wet pigment, by displacing 
the water with oil. 

FLOW—The ability of an ink to spread over a surface or 
into a thin film. 

FLYING INK—The fine mist or spray of ink thrown off by 
rapidly moving rollers. It indicates that the ink is lacking 
in ‘cohesion. 

GELATION—Conversion to a solid, or jelly-like mass, by heat 
or other means. 

GRAIN OF PAPER—In the manufacture of paper the fibers 
tend to lie in one direction, giving rise to a definite grain. 
The fibers always lie in the line taken by the web of paper 
through the paper machine. 

GRAINING—Process of making the surface of a lithographic 
plate water-receptive by roughening it uniformly. 

GRAVURE TISSUE—Sheet of paper coated with dichroma- 
tized gelatine but containing no opaque pigment. 

GREASING—Undesirable adhesion of ink to the non-printing 
areas of a lithographic plate. Sensitization of the non-print- 
ing areas. 

GROUNDWOOD—Mechanically prepared paper pulp which 
contains all the original impurities, e.g., lignin, rosin, cal- 
cium oxalate, etc., that were present in the wood. 

HALF-TONES—Plates composed of a large number of dots of 
varying size (larger in heavily shaded portions and smaller 
in the high-lights). Produced by exposing a plate through 
a cross-ruled screen. 

HALO EFFECT—Piling up of ink at the edges of type and ~ 
cuts. Or the oily stain that appears around printed matter 
due to capillary absorption of the ink vehicle by the paper 
fibers. 


HUE—Intrinsic color, wherein red differs from blue; blue from 
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yellow; yellow from green, etc. It is caused by the fact that 
light, and colored objects, transmit light of different wave- 
lengths to the eye of the observer and the dominant, or 
resultant, wave-length distinguished by the eye determines 
the color. 

HYDROGEN ION CON CENTRATION, OR pH—An indica- 
tion of the acidity or alkalinity of a liquid. A pH of 7 is 
neutral, whereas values below 7 are acid, while pH values 
above 7 indicate an alkaline liquid. 

IMPRESSION CYLINDER—The cylinder of a printing press 
which presses the paper into contact with the printing form 
or (on an offset press) into contact with the rubber blanket. 

INDELIBLE INK—Ink which is fast to water and ordinary 
ink eradicators. 

INDIA INK—A liquid ink used for drawing with a pen or 
brush. It consists of a dispersion of carbon black in an 
aqueous solution of glue, casein, gum, or some other binder. 

INDUCTION PERIOD—The initial period of drying an oil 
during which no perceptible physical changes take place. 

INK COMPOUNDS—Materials added to inks to alter their 
physical properties. Generally implies a waxy, or greasy, 
material as distinguished from reducing varnishes and driers. 

INK FOUNTAIN—The container or well which supplies ink 
to the inking rollers. 

INKOMETER—An instrument designed to indicate the con- 
sistency of an ink in terms of the frictional torque developed 
between rollers wet with the ink. 

INTAGLIO PRINTING—Printing from an engraved, or de- 
pressed plate on which the ink to be transferred is found in 
the depressed areas, while the plane surface of the plate is 
scraped or wiped clean of ink. 

IODINE NUMBER—A measure of the drying properties of a 
drying oil or ink vehicle. It is the number of centigrams of 
iodine (or other halogen), which under carefully controlled 
conditions will combine with one gram of the oil or vehicle. 
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LAKE PIGMENT—An organic coloring agent consisting of a 
dye precipitated onto a substrate, or base. 

LEAFING—The property of certain metal flakes, when mixed 
into oil or varnish, to rise to the surface and form a con- 
tinuous metal surface. 

LENGTH—tThe property of an ink or varnish whereby it may 
‘be drawn out into strings before breaking. The longer the 
strings, the longer is the ink or varnish. ; 

LETTERPRESS—In the broad sense, any typographic press. 
In the restricted sense, a platen press. 

LINOTYPE—A process of typesetting utilizing slugs of metal 
on which are cast the letters for a whole line of type. 

LINSEED OIL—Oil pressed, or extracted, from flax seeds. It 
is the most widely used vegetable drying oil and is the 
principal ingredient of printing ink and paint vehicles. ; 

LITHOGRAPHIC VARNISH—Linseed oil, or other drying 
oil, that has been bodied by heating to produce a vehicle of 
the proper viscosity for use in lithographic or printing ink. 

LITHOGRAPHY—One of the three major divisions of print- 
ing involving the principle that portions of a metal plate 
may be made ink-receptive, while other portions may be 
made ink-repellent. HY 

LIVERING—The gelatinization or solidifying of printing inks 
upon storage, caused by either colloidal or chemical inter- 
actions between the ingredients. 

MISTING—A mist or spray of ink droplets thrown off by the 
rapidly revolving rollers of a printing press. 

MONOTYPE—A process of typesetting involving mechani- 
cally assembled pieces of type each of which bears only one 
character. 

NEWS. INK—Thin-bodied inks designed for application to 
absorbent newsprint paper by means of web-fed, high-speed 
presses. 

NEWSPRINT—The unsized, absorbent paper used for news- 
paper printing. ‘ 
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OFFSETTING OF INKS—The transfer, or smearing, of ink 
from freshly printed matter to another surface with which 
the undried prints come in contact. 

OFFSET—A lithographic process wherein the ink is trans- 
ferred from the printing plate to a rubber blanket, and from 
thence “offset” onto the stock to be printed. 

OPACITY—The ability of an ink to obliterate or hide the un- 
derlying surface by preventing the transmission of light or 
color through the ink film. 

OVERPRINTING—The application of ink or varnish over 
printed matter. Generally refers to the application of a gloss 
varnish over printed matter by means of the printing press. 

OVERPRINT VARNISH—A glossy preparation designed for 
application to printed matter by means of a typographic or 
lithographic press. 

OXIDATION OF LITHOGRAPHIC PLATES—Corrosion of 
plates by atmospheric oxygen, occurring in uneven patches 
because of impurities present on the surface of the plates. 

PANTONE PRINTING—Lithographic printing process using 
plates having mercury, or amalgam-coated, non-printing 
areas, 

PHOTOENGRAVING—The process of making printing plates 
by coating a thick sheet of metal with a light-sensitive com- 
position; exposing the plate to a source of light through a 
photographic negative which renders those portions reached 
by the light insoluble in water; washing off the coating from 
the unexposed areas; etching the unprotected areas with acid 
or iron chloride to the required depth, and finishing off the 
plate by routing, or other means, to insure satisfactory print- 
ing results. 

PHOTOGRAVURE—Process of printing from photomechani- 
cally prepared intaglio plates. 

PHOTOLITHOGRAPHY—A lithographic process employing 
photographic means for preparing the printing plates. This 
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is practically the only method being used at the present 
time. 
PICKING—The lifting or pulling of fibers or coating off the 
paper stock due to the tack or adhesiveness of the ink, 
PIGMENT DYESTUFF—Organic coloring matter having no 
lake-forming properties and used directly as a pigment. 
PIGMENTS—Substances, or mixtures of substances, which im- 
color and/or opacity to inks. 
samedudantias an fe term used to describe all proc- 
esses of printing that depend upon the fact that metal plates 
may be chemically treated to produce both ink-receptive 
and ink-repellent areas. Another term for lithography. 
PLATE CYLINDER—The cylinder of an offset or rotary typo- 
graphic press on which the printing plates are clamped. 
PLATELESS ENGRAVING—A typographic printing process 
in which printing is done with a special, tacky ink which, 
while still wet, is dusted with a powdered resin of low melt- 
ing point. After surplus powder has been vacuumed off the 
sheet, heat is applied to fuse the resin, yielding characters 
that are raised above the surface of the paper. 
PLATEN PRESS—A typographic press that prints a single 
sheet at a time by pressing the latter against an entire frame 
or “chase” of type at the same moment. 
PULL-DOWN—Drawing an ink out to a thin film on paper 
by means of a smooth-edged scraper blade for purposes of 
comparing its color and strength. : 
REDUCERS—Liquid materials added to an ink to reduce its 
consistency or tack. . 
RELIEF PRINTING—Printing from raised characters, as in 
ordinary typographic printing. 
ROLLING UP_The Teieanin of ink to a plate by means of 
a roller. May be either by hand or mechanically. 
ROTARY PRESS—Any press, either web-fed or sheet-fed, on 
which the printing plate is curved to fit the circumference 
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of the plate cylinder and on which there is no reciprocating 
flat bed, or plate. 

ROTOGRAVURE PRINTING—A form of intaglio printing 
which employs an etched metal cylinder (usually copper) 
for applying the ink to the surface being printed. The excess 
ink is removed from the face of the plate, before printing, 
by means of a smooth scraper known as the “doctor blade.” 

RUB-OFF—Insufficient hardness of the dried ink film which 
permits the ink to be smudged or smeared when rubbed. 

SAFETY INKS—A printing ink, which, after drying, changes 
color or bleeds if an attempt is made to use an ink eradicator 
on it. 

SAPONIFICATION NUMBER—The number of milligrams of 
potassium hydroxide required to saponify one gram of oil 
or varnish. 

SCUMMING—A greasy film formed over the non-image areas 
of a lithographic plate, which tends to sensitize those areas 
and cause them to accept ink. 

SETTING—The partial drying of an ink film by slight absorp- 
tion of the vehicle by the paper. Generally refers to that 
stage of drying when the ink is no longer tacky, but may 
be still rubbed off the sheet. 

SHADE—A gradation of color. Usually refers to a somewhat 
deeper, grayer modification of a pure color. 

SHORT INK—An ink which possesses a buttery consistency 
and which breaks off with short strings when an attempt is 
made to draw it out between the fingers. 

SHOW THROUGH —The transparency imparted to printed 
sheets by the oily materials present in the ink. Also refers 
to the ability to perceive the printing from the back of the 
sheet, whether caused by the stock being too transparent, 
or the ink too oily or too opaque. 

SICCATIVES—An old name for driers. 

SIZE—Composition applied to paper, either in the beater or 
on the paper machine, to fill up the spaces between the 
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fibers and produce a stronger, smoother sheet. Not to be 
confused with coating which is applied only to the surface 
of the paper. 

SKINNING—The formation of a dried layer or film on the 
surface of ink after a period of standing. 

SLIP SHEET—A sheet of paper placed between freshly 
rinted sheets to prevent offset or smearing of the ink. 
SPECIFIC GRAVITY—The comparison of the weight of a 
given volume of material with the weight of an equal vol- 

ume of water under similar conditions. 

STAND OIL—European name for lithographic varnish, i.e., 
drying oil which has been bodied by heat to proper con- 
sistency for use as an ink vehicle. 

STEREOTYPES—Printing plates cast in one piece from a 
heat-dried papier maché matrix containing the impression 
of the assembled type. 

STIPPLING—Engraving by means of dots in distinction from 
engraving in lines. 

STRIKE THROUGH—Penetration of ink to the back side of 
the paper caused by capillary attraction between the fibers 
of the paper and the ink vehicle. 

SUBSTRATE—Base on which organic dyes are precipitated 
to form lake colors. 

TACK—The adhesiveness of an ink for another surface. It is 
the stickiness or pull observed when tapping the ink out 
onto a piece of paper. 

THIXOTROPY—A reversible bodying-up or shortening of the 
ink upon standing that breaks down again when the ink 
is agitated. 

TINT—A gradation of color resulting from mixing the pure 
color with white. It is always lighter, or whiter, in appear- 
ance than the pure color. 

TONERS—Organic pigments containing no inorganic pig- 
ments or extenders. Refers to a pigment of high tinting 
strength that may be used to tone or modify the hue of 
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other pigments. An ink of strong tinctorial value may also 
be referred to as a “toner.” 

TOPTONE—The color of a thick mass of ink. The color re- 
flected from the surface of an ink. 

TRANSPARENCY—The property of an ink which permits 
color or light from another source to pass through it. The 
opposite to opacity. 

TRAPPING—The ability of a printed ink film to accept over- 
printing with another ink. The coalescing of two ink films. 

TYMPAN—The surface of the impression cylinder or platen 
of a press that forces the paper against the type or forms. 

TYMPAN SHEET—A sheet of paper placed between the im- 
pression surface and the paper to be printed. 

TYPOGRAPHY—Process of printing from raised, or relief, 
surfaces. 

UNDERTONE—The color of an ink when drawn out to a 
very thin film over a white surface. 

VARNISH—See lithographic varnish. A broad term including 
fluid compositions comprising one or more of the following: 
oils, resins, solvents, driers and waxes; used either as a 
vehicle or to cover surfaces. 

VEHICLE—The liquid portion of an ink that holds and carries 
the pigment and provides workability on the press, drying 
properties, and binds the pigment to the paper after the ink 
has dried. 


VISCOSITY—The resistance to flow of an oil, varnish or ink . 


caused by the internal friction between the particles com- 
prising it. In simple terms it may be considered as the thick- 
ness or thinness of an oil, varnish or ink from the standpoint 
of flow properties. 

WASHING OUT—The removal of the original greasy ink from 
the design areas of lithographic plates. 

WEB—A roll of paper which passes continuously through a 
printing press. 

WETTING AGENT—Chemical substances that improve the 
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compatibility of a liquid for a solid, or which aid the liquid 
to better wet the solid. 

WINDING—The separation of freshly printed sheets to per- 
mit atmospheric oxygen to reach the ink with the object of 
speeding the drying action. Winding also results in more 
uniform drying over the entire printed sheet and reduces 
offsetting and sticking. 

WOODCUT—A wooden printing plate the image of which has 
been left in relief by cutting away the background. . 

WRINKLING—The crazing, or uneven surface formed during 
the drying of inks which contain improperly cooked china- 
wood oil or too much cobalt drier. 

XEROGRAPHY—Printing by means of finely powdered, pig- 
mented, resinous powders which are accurately directed to 
the surface of the paper by means of static electrical charges. 
The paper is then heated to melt the powder and bind it 


to the paper. 
<¥LOGHAPHY—The art of printing from wooden blocks. 

































































Acridene, 74 

Additives, wax, 112, 137, 188, 144 
Adhesion, definition of, 20 
Adsorption of drier, 128 

Aging; of litho inks, 167 
Aluminum powder, 209, 210 
Aniline inks, 154, 198-201 
Automatic press inks, 134 

Azo colors, 74 


Backing away from fountain roller, 
232, 242 
Base ink system, 42 
Bleeding of litho inks, 243 
Blacks, carbon, 84 
furnace, 86 
hard, 87 
iron oxide, 88 
manganese, 88 
mineral, 88 
soft, 87 
stamping, 88 
thermal decomposition, 87 
Bleeding, tests applied to plate 
inks to determine, 179, 180 
Blown oils, 100 
Body, definition, 19 
Bond paper inks, 130, 148 
Bronze powder, 207-209 
Burning out of color, 234 


Caking of inks, 232 

Carbonaceous pigments, 83-89 

Carbon black, in halftone inks, 
155, 156 

Carton stock inks, 149 

Cast coatings inks, 146 

Castor oil, 106 


INDEX 


Cellophane, inks for printing, 152- 
154 
Chalking of ink, 233 
Chinawood oil, 100 
Coated paper ink, 144 
Coated stock, 148 
Cobalt drier, 53 
Cohesion, definition of, 21 
Collotype, inks for, 175, 176 
“Color Eye,” 220 
Color matching, 48, 49 
Color system, standard, 82 
Color, control of uniformity during 
press run, Ae 
control instruments, 220 
of inks, testing, 215, 223 
Colored inks, for process printing, 
156-161 
Compounds, for addition to litho 
inks, 170 
Conditioners, ink, 47 
Consistency, of inks, testing, 225 
of litho inks, checking, 169 
of inks, reducing, 51 
Consumption of ink, 38 
Copper plate engraving inks, 177- 
180 


Container inks, 150 
Crystallization, of inks, 157, 285 


Diazotization, 72 
Dennison wax pick test, 280 
Die stamping inks, 180-185 
“Doctoring” ink, 45-48 
Doping of inks, 45 
Drier, addition of, 58, 127 
additives, 146 
adsorption, 128 
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Drier, catalysts for, 121 
difficulties, 127 
in plate inks, 180, 182 
in process inks, 159 
in stamping inks, 185 
large amount needed in_ inks 
containing carbon black, 156 
requirement in litho ink formu- 
lation, 169, 170 
Driers, cobalt, 126 
concentrated, 126 
factors affecting, 124 
for black inks, 128 
for colored inks, 128 
Japan, 84, 125, 128 
Metallic, 95, 122 
oil, 128 
Paste, 124, 125 
selection of, 125 
Dry color manufacture, 78 
Dry offset, inks for, 173 
seh! action, 118-124, 134 
y absorption, 15, 93 
by oxidation, 14, 118 
by precipitation, 119 
metals, 58 
of inks on MF paper, 152 
of inks on glassine stock, 153 
problems, 236, 237, 248, 244 
properties, 107 
salts, 121 
theories on, 119, 120 
time of inks, testing, 220 
Dyestuffs, 74-76 
synthetic, 69 


Economics of purchasing inks, 27 
Embossing of blankets, 244 
Emulsification of litho inks, 166 
Engraving, inks for, 15, 177-182 


FadeOmeter, 227-229 

Filter presses, 78 

Fineness of grinding, testing, 221 
Fish oils, 109 

Flatbed cylinder press inks, 135 


Index 
Ink additives, spoilage, 42 


Index 


Flocculation, 24, 59 

Flow of inks, testing, 223 

Flushing process, 63 

Flying ink, 139, 237 

Fountain-following properties of 
ink, testing, 223 

Furnace black, 86 


Glassine, inks for printing on, 152- 
154 
Gloss, 53 
inks, 197, 198 
insufficient, 238 
Glycerine, 146 
Glycols, 140 
Gold inks, 206-210 
Graphite, 89 
Gravure inks, 185-191 
Greasing, 244, 245 
of litho inks, 168 
Grinding inks, 60 
testing fineness of, 221 


Halftone blacks, 154-156 
Hard black, 87 
Heat set inks, 146, 194, 195 
in the publication field, 152, 155 
High gloss inks, 197, 198 
Hot wax inks, 196 
Hydrazides, 74 


Indanthrene, 74 

Ink additives, 1387, 188 
conditioners, 47 
consistency, variations in, 20 
consumption, 33 
coverage table, 34 
definition of, 13 
difficulties, 134 
doping, 29, 30, 45, 149 
formulation, 18 
manufacture, cost of, 17, 39 
misting, 139 
properties of, 13-26 
requirements, 129 
specifications, 31 





storage, 128 
testing, 19, 134 
thickening, 125 
use, estimating, 85 
wax additives, 144 
Inkometer, 225-227 
Inks, automatic press, 134 
bond’ paper, 143 
carton, 147 
coated paper, 144 
flatbed cylinder press, 185 
for cast coatings, 146 
job press, 131 
parchment paper, 146 
rotary press, 137 
selection of, 29 
steam or moisture-set, 119 
super calendered paper, 145 
web press, 139 
Inorganic pigments, 57-67 
Intaglio inks, 15, 177-191 
Iodine value, 93 


Japan driers, 54, 125, 128 
Ketonimides, 74 


Lake pigments, 73 

Lampblack, 83 

Lead manganese drier, 53 

Length, of inks, testing, 223 

Light-fastness of inks, testing, 227- 
229 

Linseed oil, 93 

Linseed varnish, 144 

Lithographic inks, 14, 163-176 

" synthetic, 195, 196 

Lithographic varnish, 96 

Lithography, basic process, 14, 15 

Livering, 99, 100 


Machine finished paper, inks for, 
151 

Manipulation of ink, 45-56 

Metallic inks, 206-210 
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Mineral oil, 149 

Mineral pigments, natural, 65 
Misting, ink, 139, 237 

Mixing ink, 48 

Moisture-set inks, 119, 201, 202 
Mottling of ink, 239 

Multi-color work, 145 


Newspaper inks, requirements, 130 
Nitro colors, 74 
Nitroso colors, 74 


Offset ink consumption, 86, 87 
Offset inks, 14, 163-176 
Offsetting, 137, 239, 240 
prevention of, 154 
Oil, chinawood, 100 
dag, 25 
oiticica, 104 
perilla, 105 
re-esterified fatty acid, 107 
safflower, 105 
soybean, 103 
tung, 100 
Oils, alkyd, 107 
classification, 92 
mineral, 111 
non-drying, 106 
vegetable, 105 
Oiticica oil, 104 
Overprint varnishes, 212-214 
Oxazines, 74 
Oxyketone colors, 74 


Parchment paper inks, 146 

Particle size, 60 

Paste drier, preferred in light col- 
ored inks, 150 

Perilla oil, 105 

pH control of litho fountain solu- 
tions, 167, 168 

Photogelatin inks, 175, 176 

Photogravure inks, 185-187 

Photovolt reflection meter, 217-220 

Phthalocyanine, 75 
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Picking, 51 
testing resistance of stocks to, 


230 
Pigments, black, 83 
inorganic, 57-67 
importance of in affecting ink 
performance, 154 
manufacturing mineral, 67, 68, 
78 
mineral, table, 66 
natural mineral, 65 
organic, 69-82 
particle size, 60-64 
pretreatment, 61 
requirements for litho ink for- 
mulation, 169 
Piling of ink, 51, 240, 246, 247 
Planographic inks, 14, 163-176 
Plate inks, pigments for, 65 
Polishing of plate, 247 
Powdering of ink, 233 
Pressure-set inks, 202, 203 
Primary colors, 156 
Printability of stock, testing, 229, 
230 
Private ink plant, 39-45 
Process inks, 156-161 
Purchasing inks, 27-37 


Quinolene, 74 


Reducing inks, 51 

Reflectance meter, 207-219 
Resin solutions, 108 

Resinate varnish, 149 
Resinification process, 61 
Rosin oils, 109 

Rotary press inks, 137 
Rotogravure inks, 15, 187-191 
Rubbing off of ink, 240 


Scouring, 247-248 

Scuffing of ink, 240-241 
Setting of inks, testing, 220 
Settling time of inks, 154 
Shelf life, 54 


Index 


Show-through, 241 

Sliming, 241 

Silk screen inks, 15, 203-204 

Silk screen process, 16 

Silver inks, 206-210 

Soybean oil, 103 

Spirit inks, 199-200 

Stamping inks, 180-185 

Stamping ink pigments, 65 

Stand oil, 97 

Steam set inks, 140, 201, 202 

Steam set inks used on container 
board, 151 

Steel plate engraving inks, 180-182 

Stock, selection of, 141 

Storage of ink, 54, 128 

Strength of ink, testing, 215 

Strike-through, 141, 242 

Super calendered paper inks, 145: 


Tack, 21, 157-159 

Tack, testing of, 223-225 

Tanks, solution, 78 

Testing of inks, 215-230 

Testing, plate inks, 179, 180 

Texture, pigment, 59 

Thermal decomposition blacks, 87 

Thermosetting inks, 194-195 

Thioazine, 74 

Thixotropy, 20, 23 

Tin printing inks, 171, 172 

Tinting, 248 

Tinting strength of inks, testing, 
223 

Toners, 78, 156 

RS ie Ao 74 

Tung oil, 100 

Typographic ink, 13 

Typographic printing, 131 


Vacuum processed oils, 100 
Varnish, consistency, 97 
new methods of production, 100 
overprint, 212-214 
pitch, 110 
preparing, 97, 98 


Index 


Vegetable drying oils, 93 
Vehicles, effect on ink, 91, 154 
resin, 108 
synthetic resin, 18, 146 
Vine black, 87 
Viscosity, 22 


Water-base aniline inks, 200, 201 
Water color inks, 210-212 
stamping inks, 185 


Wax, additives, 149 
pick test, 230 
Web press inks, 139 
Wet ink varnishing process, 172 
Wetting out, 58 
Wetting agents, 167 
Wink-dri inks, 203 
Wood-block poster ink pigments, 
65 


Yield value, 22 
























































